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A RT. X V.—Sriedrich Georg Wilhelm Struve.* 


FRIEDRICH GEORG WILHELM STRUVE was born at Altona, 
in the Duchy of Holstein, April 15, 1793; his father, Jacob 
Struve, for forty years filled with great distinction the director- 
ship of the High School in that city, and was widely known 
for his classical and mathematical acquirements. His mother 
was the daughter of Pastor Stinde, who went to Russia as chap- 
lain to Peter III; it was this circumstance which subsequently 
led to the settlement of many of the Struve family in Russia; 
until then the Struves had from time immemorial lived as re- 
spectable yeomen in the Duchy of Holstein. Thus our old 
and honored associate was descended from the original stock of 
the Anglo-Saxon race; a descent which many of us remember 
distinctly expressed itself both in the personal appearance and 
in the moral qualities of the man. Struve was happily trained 
by his father into no precocity in his early childhood, but in due 
time, when removed to the High School, he made such advance- 
ment in his studies as at the age of fifteen to be qualified for 
entrance at the University. In those days of trouble the young 
student had but little prospect of continuing his studies undis- 
turbed. A constant sense of the oppression of the foreigner 
and the dread of the French conscription decided his parents, in 
1808, to send young Wilhelm to Russia, at that time probably 
the quietest country in the world, and where his elder brother 
Carl occupied the post of Classical Lecturer in the University of 
Dorpat. This university, so soon to be illuminated by the ex- 

* From Monthly Notices of the Royal Astronomical Society, Feb. 10, 1865. 
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In 1811, while thus engaged, partly in attendance on the fam- 
ily of the De Bergs, and partly in the prosecution of his own 
studies at Dorpat, Struve passed on to the class of Astronomy. 
The Professor at that day was Huth, a man for whose worth 
and eminent attainments our old associate ever retained an af- 
fectionate and respectful memory. Huth’s health was too infirm 
to permit him to assist his pupil to any great extent, and hence 
young Struve was, by a happy fatality, or in truer words by 
the discipline of Providence, once more thrown upon self-reli- 
ance and the resources of his own efforts. The Professor him- 
self was scarcely ever able to visit the Observatory, but he per- 
mitted his pupil to make what use of it he could. This Ob- 
servatory was at that time but scantily supplied with instru- 
ments, and even those for the most part were not in a condition 
for actual use. Among these instruments was a Transit by our 
countryman Dolland, and the excellence of the object-glass 
attracted the special notice of the embryo astronomer. The pil- 
lars of this instrument were, it is true, erected, but upon them 
there was no provision existing for the attachment of the Y’s 
and the other subsidiary apparatus, while the body of the in- 
strument itself had never been removed from the case in which 
it had been packed. For the mounting of this instrument 
young Struve could obtain no adequate assistance in the city of 
Dorpat, but was thrown entirely on the workmanship of his 
own hands, and the guidance of his own inexperienced judg- 
ment. Nevertheless, the work was done, and well done; and 
in after days Struve would often recur to the fortunate difficul- 
ties under which his earliest efforts were made. We must not 
forget that Struve at this time was only in his nineteenth year. 

Karly in the autumn of 18138 Struve took his degree of Doctor 
of Philosophy, and on that occasion wrote his first memoir on an 
astronomical subject, namely, De geographica Specule Dorpatensis 
Positione. In this paper, among other matters, he gave the first 
determination of the longitude of that Observatory, deduced from 
occultations observed by himself during the preceding year. In 
November, 1813, a few weeks after this thesis, he was appointed 
extraordinary Professor of Mathematics and Astronomy, and 
two years later, upon the death of Huth, he was advanced to 
the ordinary professorship. In this capacity his duty was not 
only to attend to the Observatory, but to lecture also on As- 
tronomy and the higher branches of Mathematics; each subject 
no doubt suffering from this combination of duties, notwith- 
standing the efforts of the Professor to prevent it. In 1822, 
however, the two offices were happily separated, and Struve was 
henceforth enabled to devote his zeal and his abilities exclusively 
to the proper work of an Observatory. 
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From 1813 to 1839 Struve continued at his post at the Ob- 
servatory of Dorpat. As we have already seen, the means at 
his disposal were wholly inadequate to the most modest require- 
ments of an astronomer. It was not long, however, before the 
success of his labors attracted the attention of the Russian gov- 
ernment, and through the benevolent intercession of Prince Lie- 
ven, then Chancellor of the University, and as an acknowledg- 
ment of the services of the professor, the Observatory was fur- 
nished with such instruments and pecuniary means as soon 
raised it to the rank of a first-rate establishment. Thus, in 1821, 
the Meridian Circle was obtained from Reichenbach and Ertel, 
and in 1824, Fraunhofer’s famous 9-inch Refractor was added, 
at once the masterpiece of that great artist, and the commence- 
ment of a new era in the history and employment of the tele- 
scope. 

Struve at first worked alone in the Observatory thus munifi- 
cently furnished ; occasionally, indeed, he was assisted by a few 
volunteers from among his pupils, and notably so by Knorre, 
who subsequently and for forty years, was the well-known di- 
rector of the observatory of Nicolaiff; but it was not until the 
year 1826 that he obtained, in the person of M. Preuss, a per- 
manent observer, who by applying himself with much ability to 
the meridian circle, enabled Struve to devote his attention to 
the observation of double stars with the great refractor. 

In taking even a cursory survey of Struve’s Jabors at Dorpat 
with this noble instrument, it becomes necessary to revert, in 
some degree, to the state of ‘side real astronomy before he com- 
menced his work. In 1808, Sir William Herschel had announced 
the binary nature of sev eral of the double stars; nevertheless, 
partly from the extreme novelty of the views set forth by that 
great philosopher, partly from the deficiency of the optical means 
then existing, and partly from the great difficulty of manipula- 
ting the micrometrical measurements, the subject remained in 
abeyance and almost untouched during the succeeding fifteen or 
sixteen years. In 1816, Sir John Herschel did, however, com- 
mence at Slough a review of his father’s double stars, but owing 
to some of the difficulties already alluded to, he made but incon- 
siderable progress. Some of these measurements so taken are 
recorded in the joint communications made by Sir John Herschel 
and his colleague, Sir James South, to the Royal Society in 1824: 
among others will be found a remarkable measurement of Castor, 
when the two component stars happened to be on the same 
parallel. We have already adverted to the then young Struve’s 
measurement of the same remarkable star, and to the effect which 
it had on the direction of his energies: this, however, was but a 
single and isolated result, and it was not until some years later, 
namely, in 1819, that the record of measured angles of position 
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examination of 120,000 stars, and that it was one individual who 
executed this examination with his own eyes and hands. 

The formation of this Catalogue was, after all, the commence- 
ment only of a work of far greater labor in this department of as- 
tronomy. Struve’s next undertaking was the determination of 
the angles of position, distances, magnitudes, and colors of all the 
objects therein enumerated, together with their exact right ascen- 
sion and declinations, each resulting from several nights’ obser- 
vation. The results of this immense undertaking he published 
in the year 1837 in a magnificent work entitled, Stellarwm com- 
positarum mensure micrometrice, followed, in 1852, by another 
work, bearing the title, Stellarum ficarum, imprimis duplicium et 
multiplicium, ” Positiones medie, with their proper motions com- 
puted when practical from earlier observations. 

Another branch of what, with some propriety, may be called 
the Physique du Ciel sidéral, to which Struve directed much of 
his attention, was the determination of the law of density in the 
distribution of the stars with respect to the plane of the Milky 
Way. His researches on this subject were not indeed published 
until after he had removed from Dorpat, as we shall speedily 
see, but it is here, perhaps, that we can with greatest convenience 
refer to the fact. The great work which contains the result of 
his labors, is entitled Htudes d’Astronomie Stellaire, published in 
the year 1847. By aseries of calculations, founded on the num- 
ber and distribution of stars of sufi omy: lustre to admit of being 
individually catalogued, as well as by the star-gauges of Sir W. 
Herschel subjected to a careful and ‘systematic analysis, he has 
in this work clearly shown that in the northern hemisphere at 
least, (northern, that is, when referred to the bisection of the 
heavens by the Milky Way) the distribution of the stars exhibits 
a distinct and unequivocal relation to their angular distance from 
the plane of that sidereal ecliptic. Nor is this view wanting in 
confirmation. In the same year that Struve published his re- 
searches on this great problem, Sir John Herschel gave also’ the 
results of his own investigations of the southern hemisphere, and 
the numerical expression obtained by him for the gradation of 
stellar density is singularly coincident with that resulting from 
Struve’s investigations of the northern heavens. As the two 
results were obtained from observations made with telescopes 
strictly comparable, and were each arrived at independently and 
without the knowledge of the other, it seems that this great 
physical generalization may be regarded as perfectly established. 

Such are some of the great results which form the high re- 
wards of Struve’s loyalty to his duties at Dorpat. The year 
1833 brought a great change in his life. In the autumn of that 
year the Emperor Nicholas resolved to erect a great central 
observatory for the empire of Russia; it is honorable to the 
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place. Assuredly it was no ordinary man who could secure, as 
Struve secured, order and good-will in so considerable and mul- 
tifarious an establishment. For the endowment of this noble 
institution the Emperor of Russia, with truly imperial generosity, 
assigned no less a sum than ten thousand pounds per annum. 
The servant was worthy of the master. 

Meanwhile, and for nearly half a century, ene se almost 
throughout our venerated associate’s directorships both at Dorpat 
and at Pulkowa, run continuously the gigantic ope rations con- 
nected with the measurement of the Russian and Scandinavian 
Arc of Meridian, and thé Trigonometrical Sur vey of the enor- 
mous Russian empire. ‘The gre nius of Struve ae sided over this 
vast undertaking, ever devising, co-operating, and not seldom 
working with his own hands and eyes, and on more than one 
occasion amidst ice and snow. ‘This are of meridian, extending 
through 25° 20’, from Ismail at the mouths of the Danube to 
Fuglenss on the Arctic Ocean, exceeds in magnitude even our 
own Indian are, from Cape Comorin to the Himalayas, the execu- 
tion of which alone, and with no other work, has been sufficient 
to raise the fame and exhaust the labors of Lambton and Everest. 

Some idea may be formed of the amount and variety of 
Struve’s occupations at this time from the following quotation 


from his great work on the subject of this very arc. Speaking 


of that portion which runs through Livland, he says:—*“ Un- 
doubtedly I could have completed this work long before, had it 
been the sole object of my scientific duties ; but, in 1821, Reich- 


enbach’s meridian circle arrived at Dorpat, and at length, in 
1824, I was put in possession of Fraunhofer’s magnificent equa- 
torial, ordered since 1820, and I thought that my first duties 
pointed to the immediate use of these exquisite instruments, 
Hence, I did not consider myself authorized to absent myself 
from Dorpat for more than a few weeks’ work at a time in geode- 
tical pr roceedings. And I think that [ ought here to explain, 
that between 1821 and 1827 (whi ch A riod embraces the fie 1d. 
work of the Baltic arc), I made, reduced, and published without 
any assistance, the meridian esieveiitins recorded in volumes 
Ili, IV, V, VI, of the Dorpat Annals; at the same time I also 
finished the revision of the survey of the heavens, which fur- 
nished the Catalogus novus Stellarum duplicium, published i in 1827; 
and besides this I had to give an annual course of lectures on 
Astronomy to the University, and of Geodesy to the Imperial 
staff.” 

Such labors, great as they were, are not now referred to as 
being by any means without their parallel among scientific men; 
on the contrary, they form the rule rather than the exception ; 
but they are mentioned here because they may well serve to re- 
mind us, that such is the cost at which our knowledge is 

Am. Joug, Sc1.—Seconp Series, VoL. XL, N9. 119.—Sept., 1865. 
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dence attached to the first meridian of longitude be assigned to 
Pulkowa or to Greenwich? There could be no doubt that 
Struve’s heart was in Russia, rather than in England, and we have 
already seen how in external magnificence Pulkowa utterly 
eclipsed the unpretending buildings at Greenwich; but Struve, 
like a true astronomer, remembered the long line of illustrious 
men who had toiled at Greenwich, the old traditions of Flam- 
steed, and Halley, and Bradley, and to Greenwich he assigned 
the astronomical precedence. 

Struve was in this country again in 1847. This time, the main 
object of his visit was to carry back with him to Russia one of 
the two standard bars used in the great Indian Survey, and 
without which it was impossible to utilize and connect the 
measurement of the Indian are, with that of the still greater 
Russian and Scandinavian are just completed. On this occasion, 
he joined the British Association, which that year fortunately 
assembled at Oxford, and it was thus that Struve either acquired 
or consolidated that strong personal regard which united him, in 
a peculiar degree, with the principal scientific men of England 
in almost every branch. Perhaps it may be allowable for the 
writer to record that his first acquaintance with this most amia- 
ble man was made at this period when, at the house of Sir John 
Herschel, and not long after the memorable discovery of Neptune, 
he, for a few days, was permitted to associate with a phalanx of 
scientific veterans rarely assembled in one spot,—Adams, Airy, 
Herschel, Leverrier, and Struve, forming the list. 

Ten years later, viz. 1857, found Struve in England for the 
last time. He had never failed in public documents and in pri- 
vate communications to specs k in affectionate verms of the rei udy 
aid and hospitality which he had received at the hands of the 
present Astronomer Royal, Mr. Airy. His headquarters were, 
therefore, again as of old, at Greenwich. But now, though in 
his sixty-fourth year, the indomitable energy and the genius of 
work in the man brought him thither on a project of still greater 
magnitude than the are of meridian which he had just ag seo 
In early youth, while honorably supporting himself in Livland 
as tutor in the family of the De Bergs, he had cast a wistful eye 
over the level tracts which north and south, east and west, are 
a characteristic feature of European Russia. Our great country- 
man, Dr. Arnold, used to say, with but slight exaggeration, that 
there was scarce ly a hill between Rugby and the Ural mountains 
to shelter him from the east wind. Arnold observed this with 
the eye of a geographer; Struve knew it, and utilized it as an 


astronomer.’ Nosooner the »n was the Russian and Scandinavian 


® Struve remarks that, along the arc between the mouths of the Danube and the 


Arctic Sea, there is no hill 1200 feet high. Over a great portion of it the country 
is so level and wooded that it was often necessary to erect lofty scaffolds in order 


to see the necessary signals. 
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objects, which he could not do otherwise than regard as worlds, 
were within his sight, yet beyond the reach of his geometry to 
measure. Our associate, however, resolved to determine, if 
determined it could be, whether this limit had actually been set 
to the bounds of human knowledge, and in the years 1819-21 
he succeeded, by sagacious and diligent observations of 27 cir- 
cumpolar stars, in showing, beyond a doubt, that certain indica- 
tions of parallax existed sufficient to encourage further efforts 
with more adequate instrumental means than he at that time 
possessed. The history of the definite settlement of the ques- 
tion of stellar parallax is not a little curious, and Struve’s part 
in it is sufficiently conspicuous. Our countryman Henderson, in 
1831-2, at the Cape of Good Hope, observed « Centaurt with the 
mural circle, and on his return to England shortly afterward 
deduced a parallax of about 1” for that remarkable star. Struve 
at Dorpat, from micrometrical measurement made with Fraun- 
hofer’s instrument in the years 1835-8, obtained a parallax fore 
[yre, amounting to 0-261. Nevertheless, astronomers, after 
their manner of most rigid and impartial scrutiny, decided that 
possibly the shadow of a doubt rested upon both these sets of 
observations, and resolved to wait for the results of fresh mea- 
surements. Meanwhile, Bessel a year after, and from observa- 
tions made with the great Heliometer at KGnigsberg, deduced a 
parallax of 0/348 for 61 Cygni, such as to be wholly beyond the 
reach of cavil. Subsequently Peters confirmed Henderson’s 
result of the existence of a parallax in « Centauri, and M. O, 
Struve vindicated the general truth of his father’s deductions.- 
Such, then, is the share which must be assigned to our associate 
in the determination of this most interesting, but difficult cosmi- 
cal question. 

Nor must we pass over our late associate’s Description de 
l Observatoire Central de Poulkova given to the world in 1847. 
It would be but an obvious and inadequate remark simply to 
say that this is the most sumptuous and complete work. ever 
published on the description of an observatory, its instruments 
and its arrangements; and a monument to the enlightened 
generosity of the Russian government, who defrayed the cost of 
its publication. A perusal of it can scarcely fail to kindle the 
admiration of every one who is endued with a taste for practical 
astronomy. What is of far more importance, almost every page 
indicates the perfect mastery of the author over the instruments 
which he thus admirably describes, and attests the scrupulous 
care with which he attended to the minutest circumstances which 
could in any way contribute to the accuracy of their construe- 
tion, or of the mode of handling them. Happily this most im- 
portant work has on several occasions served as a guide for 
building and organizing other observatories on the continent of 
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extremely singular, is not altogether uncommon. When he be- 
gan to recover from exhaustion occasioned by the first attack of 
his malady, his memory, for all events of recent occurrence, 
wholly failed him; while, at the same time, it exhibited its usual, 
or even increased tenacity in things long since passed away. On 
such occasions he would seem to be living wholly in the scenes 
of the past, reciting passages in Greek, Latin, or Hebrew, and 
speaking in some of those many dialects in which he had learned 
to converse in his youth. In the midst, however, of this vivid 
resuscitation of the past, co-existing with the temporary oblivion 
of all recent associations, it is a touching] y suggestive circum- 
stance to record that he never forgot the face of a friend. 

At length, reluctant to continue as the nominal head of a great 
establishment, which he no longer felt himself able personally to 
direct, in December, 1861, he requested permission to resign his 
post. This permission was granted, accompanied, among other 
special marks of honor, with the grant of an hereditary estate by 
his sovereign ; and thus the Observatory of Pulkowa passed to 
the directorship of his worthy son, Mr. Otto Struve. That the 
mantle of the father may descend upon the son is the undoubt- 
ing hope and expectation of all who are interested in the science 
of astronomy. 

On the 19th of August, 1864, a quarter of a century having 
now elapsed since the inauguration of the Observatory, a great 
gatherin g of astronomers from all parts of E uurope assembled at 
Pulkowa, to pay their respects, and, as it proved, their last res- 
pects, to the man w sel character Salk tale nts had shed a lustre 
even on the noble science of their common pursuit. Among 
those present on this happy occasion was the President of our 
own Society; of the others many had been Struve’s astronomi- 
cal pupils in former days, but now they occupied high and 
responsible positions of their own; from the former we learn 
how the venerable old man, now in his 72nd year, shook off for 
a time the bodily feebleness to which his unceasing malady had 
reduced him, and assuming the animation of younger years, 
thanked those around him for the affection which had brought 
them together, and acknowledged the kindness and codperation 
which, through a long life, he had met with in the prosecution 
of his labors. But what at Pulkowa, on this and on other occa- 
sions, struck our President the most, even among the many other 
remarkable features of that imperial establishment, was the 
oneness of purpose, mutual confidence, and friendliness of inter- 
course, which there seemed to have found an especial home. 
We could fondly believe that it was thus ordained for the old 
astronomer to die, like a patriarch, in the midst of his children, 
for within a few weeks of that memorab le jubilee, on the 28rd 
of November, 1864, Struve was called to his rest. 
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itself, the swollen mass shrinks, and gradually resolves itself into 
NH,(NH,0O) H and Hg, because (as it is usually explained) NH, 
has a great tendency to fall apart into NH, and H. This expla- 
nation might be satisfactory when applied to the difficulty of 
isolating NH ., a8 from any of its salts; but is not so in the case 
before us. 

If — falls apart thus readily in the presence of mer- 
cury, why does it combine _ it at all to be decomposed in 
the very act of union? If it be said that in NH, Hg the NH, 
has so great ac capacity for oxydation that it at once decomposes 
water, with the formation of NH,O and H; still why should 
NH, unite with the mercury, w hich is not as near to it as, or at 
least no nearer than, the water? In reflecting upon the phenom- 
enon, I conceived the idea that there is really no amalgam of 
ammonium formed; but, in the reaction, the sodium decomposes 
the water, evolving hydrogen, and forming caustic soda, which 
in its turn sets free ammonia from the chlorid, the mercury be- 
ing also liberated. Thus NH,Cl+ HO+Hg N a=NH,O+H+ 
NaCl+Hg. At the same time the molecules of the mass are 
altered in their capacity for cohesion by catalysis, polarity of 
atoms, or some unknown cause, so that the bubbles of gas are re- 
tained, and swelling takes place 

Without the assumption of an unknown cause, the swelling 


may be accounted for by admitting that the evolution of gas 
brings portions of the sodium amalgam out of contact with the 
solution, and the mass thus remains pasty enough to retain the 
gas bubbles of hydrogen and ammonia for a while. The swell- 
ing may subside by re: ‘tl | oxydati f this residual 

ig may subside by reason of the final oxydation of this residua 


sodium amalgam. 

By the kindness of Professor Henry, the opportunities of the 
laboratory of the re Institution were afforded me in 
the winter of 1863-4, to perform the following experiments upon 
this subject. 

The ammonium amalgams were obtained by the agency. of 
the sodium amalgam, which was itself prepared by warming dis- 
tilled mercury and projecting sodium therein. By varying the 
proportion of mercury, the sodium amalgam was obtained either 
quite fluid, pasty, in acicular crystals, or quite hard. The am- 
monium amalgam was prepared from all of these alloys; but 
when a hard amalgam was used in the experiment, the ammo- 
nium amalgam formed upon the surface of the lump and pro- 
ceeded gradually to the inside, and the swelling was not so great 
at the close of the reaction. The more fluid the sodium amal- 
gam was, the more readily did the swelling take place. 

Ex. 1°. Sodium amalgam projected into dilute solutions of 
sulphuric or hydrochloric acids, or into an aqueous solution of 
potassa, decomposes water, but not violently. I'he mercury does 
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um amalgam formed cannot swell, but expands Jaterally, assum- 
ing areticular appearance by reason of the many gas bubbles 
which in fact thus become perceptible. 

If a lump of ammonium amalgam, already in the swollen 
condition, be pressed between two plates of glass, it is spread 
out into a thin perforated film resembling lace. 

Ex. 8°. If a piece of spongy platinum be heated and stirred 
into smelted sodium amalgam, the latter fills the pores of the 
platinum sponge, and coats it uniformly. A piece of this com- 
pound in contact with a solution of sal-ammoniac, evolves hy- 
drogen and ammonia, but does not swell; nor does a globule of 
liquid mercury, expressed from the mass, exhibit any of the 
characters of the ammonium amalgam. 

Ex. 9°. A piece of ammonium amalgam was wiped gently 
with filter paper and placed in naphtha. After a little while, 
(to permit any adherent water to be decomposed), a test tube 
full of naphtha was inverted over it, the evolution of hydrogen 
gas continued as the amalgam shrank, and when, after the lapse 
of an hour, the mercury was restored to its usual condition, a 
bubble of gas, equal in volume to the globule of mercury, was 
collected. 

Ex. 10°. If adrop of sodium amalgam be heated upon a glass 
plate, then touched with a drop of sal-ammoniac solution, it at 
once swells to the full size of an ammonium amalgam which 
would have required several minutes if the reaction had taken 
place in the cold. 

Ex. 11°. The sodium amalgam decomposes cold water with 
comparative slowness; in boiling water a rapid evolution of gas 
takes place, although some time is required to fully oxydize the 
sodium. Boiling solution of aqua ammonia acts like boiling 
water. In none of these cases does any swelling take place, but 
this phenomenon is manifested immediately if to the boiling 
aqua ammonia a few drops of carbonate of ammonia be added. 

Ex. 12°. The ammonium amalgam is formed with apparently 
equal facility, employing the solutions of the following ammo- 
nia salts:-—-Chlorid, oxalate, sulphate, and dv-sulphate; the 
characteristics of the amalgam thus formed being alike. The 
reaction with bi-sulphate of ammonia is instructive, showing 
the formation of the amalgam in the presence of an acid which 
facilitates the decomposition of water by certain metals. If a 
piece of reddened litmus paper be saturated with solution of bi- 
sulphate of ammonia, and a piece of sodium amalgam be drop- 
ped thereupon, the formation of the ammonium amalgam takes 
plaee as usual, and the evolution of the ammonia neutralizes 
the aeid, producing an alkaline reaction upon the paper under 
the mass. 
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moistened Jump of sal-ammoniac or carbonate of ammonia and 
be connected with the negative pole, the circuit being completed 
through the salt, the ammonium amalgam is formed while the 
current is passing. 

If a piece of filter paper be placed upon a glass plate, and be 
moistened with a solution of carbonate of ammonia containing 
lumps of the salt, and if upon the paper a globule of mercury 
be deposited, the amalgam is beautifully manifested when the 
current of a ten cell Bunsen battery is passing through the mer- 
cury and paper, the metal being in contact with the negative 
pole. The amalgam swells out in a dendritic form, tending to- 
ward the positive pole, and maintaining its condition while the 
current lasts. Upon breaking the connection the swelled mass 
shrinks gradually. At all times, until restored to the condition 
of mercury, the amalgam exhibits numerous and minute gas 
bubbles w het presse between glass plates. 

[f, during the passage of the current, a glass plate be pressed 
upon the amalgam, it is flattened into a thin plate or film. By 
this means the swelling is prevented, and the ammonium amal- 
gam is not formed. This result appears to be conclusive as to 
the non-existence of the ammonium amalgam, for, if it exist, it 
should be maintained in a jilm as well as in a globule as long as 
the current is passing. 

The so-called ammonium amalgam could _ be formed by 
the electrolysis of nitrate of ammonia, and a few drops of a so- 
lution of this salt causes the swelling to subside in ammonium 
amalgam already formed by the action of the battery upon sal- 
ammoniac, or carbonate of ammonia, in contact with mercury. 

If spongy platinum, imt bued with mercury, be placed in con- 
tact wit h the negative p le of the battery, and the current be 
passed through either a solution of sal-ammoniac, or one of car- 
bonate of ammonia to the positive pole, no swelling takes place, 
even though a large globule of mercury adhere to the sponge ; 
but violent ebullition of gas is manifested. 

This is a very instructive experiment. The sponge of plati- 
num cannot act by reason of fine pores, for they are all filled 
with mercury. The prevention of the amalgam formation must 
lie in the nature of the platinum itself; it is a catalytic or con- 
tact action. 

From these experiments it would seem that :— 

The so-called ammonium amalgam is zot an alloy of mer- 
cury and ammonium ; 

2d, The swelling of the mass in the phenomenon is due to 
the retention of gas bubbles; and, 

8d, The coherence of the gases and liquids concerned is 
changed from a normal condition, exhibiting phenomena which 
may be classed with those of catalysis. 
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2. At (magnetically) inter-tropical stations, the dip is dimin- 
ished, but at extra-tropical stations it is increased in the middle 
of the day. 

Increasing temperature and increasing solar altitude, aug- 
ment the inclination disturbance. This is shown both by the 
diurnal and the semi-annual curves. 

4. Asacorollary of propositions 2 and 8, at St. Helena and 
Cape of Good Hope, the inclination-disturbance is opposed to, 
and subtracted from the normal dip; but at Philadelphia, 
Toronto, and Hobarton, the disturbance is added to the dip. 
Thus the inclination is 


a2 minimum at St. Helena, 

Cape of Good Hope 

“ maximum “ Philadelphia, 


Hobarton, - Lb, 


Reasoning either, a priori, or from Secchi’s postulates, we might 
naturally infer that the ellipticity of the atmosphere would be 
increased by the direct action of the sun, and that, consequently, 
from the tendency of magnetic parallelism to the gravitation 
currents, the dip would be augmented at noon in all places 
between the magnetic equator and the magnetic poles. 

Mr. William Ferrel, in his paper‘ which furnished the first 
mang explanation of the barometric depression at the 

equator and at the poles, shows that in a of the earth’s 
motion fluids tend to assume a form similar to his Fig. 1 (Math. 
Monthly, i, 215), “the surface of the fluid “ai slightly depressed 
at the equator, having tts maximum height « about the parallel of 35°, 
and meeting the surface of Ve earth toward the poles.” The direct 
action of the sun, in increasing the equatorial ellipticity of the 
air, may also increase the tendency to equatorial and polar de- 
pression, and the magnetic par: allelism may, therefore, be mani- 
fested in the solar-diurnal inclination-disturbance precisely as it ts 
manifested at St. Helena and Cape of Good Hope, by a diminu- 
tion of dip between the parallels of 35°, and an increase in 
higher latitudes. 

These coincidences may well suggest the need of more exten- 
sive observations in different parts of South America, Northern 
Africa, Southern Asia, the Pacific Ocean and the Frigid Zones, 
to furnish the data for determining to what extent mountain 
ranges, coast lines, land and water radiation, winds, and ocean 
currents modify the theoretical phenomena of dip and declination, 

‘ “The motions of fluids and solids relative to the earth’s surface.” See Nash- 
ville Journal of Medicine and Surgery for 1856, and Mathematical Monthly for 1859, 
1, 140, sqq. 
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Il. Dip. 


8. The lines of equal dip are arranged in approximate paral- 
lels, around the two (principal) magnetic poles. 

9. In consequence of this parallelism, they are convex toward 
the north in the Pacific Ocean, and toward the south in the 
Atlantic Ocean. 

10. The magnetic parallels also approximate to the isothermal 
parallels, both in direction and in position, but with some im- 
portant departures. 

od ‘South America, the magnetic equator is depressed 
nearly 30° south of the isothermal equator ; it is, however, nearly 
-distant from the (principal) and south mé ignetic poles. 

The magnetic parallels near the magnetic poles are more 
convex than the isothermal lines, but they present some inter- 
esting instances of parallelism to the ocean currents, which are 
indisputably gravitation currents. 

13. This parallelism is specially observable in the regions of 
the equatorial currents, the Gulf Stream, and the North Pacific 
and Japan currents. 

14. If aseries of waves were propagated through the air, from 
the magnetic poles to the equator, with slight deflections by the 
continental contours and ocean currents, they could be repre- 
sented with great accuracy by the magnetic parallels. 

All of the foregoing modifications, as well as the theoretical 
phenomena previously referred to, have their exact counterparts 
in the currents which tend to restore the gravitation equilibrium 
of the air and water. It pod be unwise, ignorant as we are of 
the true nature of causal efficiency, to assert that one form of 
force is produced by ac To r, but it is one of the most important 
duties of true philosophy, to observe sequences and correlations, 
It has long been known that magnetic action may be so directed 
as either to assist or counteract the attractions of cohesion, 
chemical affinity, and gravitation; it has also been known that, 
under certain circumstances, Cisturbances of chemical or of co- 
hesive attraction are accompanied by magnetical disturbances,’ 
but I have now shown for the first time, by independent examin- 
ations of the total force, declination, and dip, that disturbances 
of gravitation are similarly attended. 

It would certainly be very satisfactory, if it were possible, to 
have some means of exhibiting, by simple laboratory experi- 
ments, the direct and mutual convertibility of gravitation and 

° “A few years ago magnetism was to us an occult power, affecting only a few 
bodies ; now it is found to influence all bodies, and to possess the most intimate 
relations with electricity, heat, chemical action, light, crystallization, and through it, 
with the forces concerned in cohesion; and we may, in the present state of things, 
well feel urged to continue our labors, encouraged by the hope of bringing it into a 
bond of union with gravity itself..—Faraday: Exp. Res., 2614. 
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differences v ( periments of Barlow 
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together with the experiments of Fusinieri and Peltier,” confirm 
the natural conviction that the imponderable agents can only be 
manifested through their influence on ponderable matter, and, 

therefore, under ‘tendencies to equilibrium with the force of 
gravitation. I already find a curious approximate coincidence, 
to which I attach little importance so long as it is unsup ported 
by corroborative evidence, but I refer to it as an indication of 
the very character that we might reasonably expect, and one 
that may possibly become valuab le in the course of future re- 
search. ‘The last edition of the Encyclopedia Britannica, Article 
“Heat,” gives for the expansion and consequent diminution of 
specific gravity between 32° and 212° Fahr., of 

Iron, ‘ ‘ ‘ sis 

Alr, ; ‘ 

If we suppose their specific magnetisms to Me inversely pro- 
portioned to the disturbance of their specific gravities, we have, 
assuming the specific magnetism of iron as the unit, 

a value which is intermediate between those given by MM. 
Becquerel (;},5) and Pliicker (,;1,).° This result would be 
somewhat modified by an accurate determination of the ratios of 
the linear to the cubic expansions of iron in its several forms. 

Faraday disclaims the assumption of any other than a conduc- 
tion polarity of oxygen (2933, 2934), but that polarity is con- 
veyed in lines strikingly analogous to the thermal gravitation 
currents (See Exp. Res., 2787, and III, Pl. IV, Fig. 6), which, 
in their turn, accurately represent the hypothetical indirect 
action of the sun on the needle, through the atmospheric affec- 
tion of the lines of force (2936). 

I know of no physicist who has given so lucid a theoretical 
explanation of the various magnetic perturbations, as the illus- 
trious Fullerian Professor, and as his hypotheses appear to me 
still more satisfactory when viewed in connection with the gravi- 
tation disturbances, I will brief fly refer to some of the more im- 
portant points that have helped to confirm me in the various 
views that I have hitherto advanced. Such are, e. g., the evi- 
dences of the identity of helices and magnets (2239); the exist- 
ence of magnetic repulsion without polarity (2274); the relative 
magnetic position of gases and vapors (2416); the relations of 
the magnecrystallic, cohesiv e, and magnetic forces (2479, 2562, 
2578); the probable dependence of the _inagnetio motions of 
fluids upon their mass and density (2768, 2769, 2781, 2863) ; the 

* Taylor's Scientific Memoirs, iii, 394. 

? Prof. Frazer has kindly referred me to the céefficients of dilatation for iron, in 
the “ Artizan,” of Dec. 1, 1860, and to the experiments of Regnault on the dilatation 
of air (See Jour. of F. Inst. [3], xv, 281). According to thes se data, the theoretical 
specific magnetism of oxygen would be between 3}; and 5},. 
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iniluence of 3 a arying atmospheric pressure 
(2952, 2954) ; locity of magnetic transmission 
In space or (2958): e daily bi ar 0 
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12, 473, 489, 490) 

It should not forgotten that there is no such thing within 
the compas r obs tent ity, no in- 
stance of mat if te ] nning or tending 

to move unde! tat vel irticle of the earth 
independe: the act of it, ical affir and cohe- 
sion, is at every tant s ted to { pal and i 
11 and important 
impulses, two ft ra il centers ol e a | art] 
ively, and two 1 ent to the earth’s orbit, and ts c] 
vely, rth’s « al o its circum- 
ference. Of t evera t t 12 is by far the 
import int ext oO! d one tangential 
to the circut I [ the one toward the 
center of the s ( r cent 1 tangential motions 
in ik t seems tly proper that t thers should 

e consideret rl elsewher 

nave eisewnere 

show n, t all parallel 

to the equator Not on e 1 ron lai des a neces- 
sary conseq f such t to the difference ¢ 

specific gr 1 ail 1a.dit to the proper motion of 
convectio! ernat towal ( 1 from tl] 

pelied from the 
earth’s surf: i J 1 1 elie that many of the 
phenomena of and the magnetic pertur- 
whi by « r more important 
gravitation « 

Humboldt spe 


regions, the 
minimum,” — 7 


wer equinoctial 
tides are near their 


| 

} 

| 

aq 

! 


J. M. Ordway on Waterglass, 


Art. XVIII.— Waterglass; by M. Orpway. 
{Continued from vol. xxxv, p. 196.] 
Its Reaction with Stannates. 


THE statement made in Part II,’ that stannate of soda pro- 
duces no alteration in a solution of waterglass, is found, by 
more rigid experiments, to require some limitation. What is 
true of the stannate prepared, as it commonly is, with such an 
excess of alkali as is needed to make it dissolve perfectly and 
keep well, does not yong ae d hold good with regard to the 
pure normal salt. In fact the behavior of neutral stannates with 
acid silicates, is peculi: ir, and worthy of something more than a 
passing notice. ‘lhe conditions, che aracter, and results of the 
mutual reaction, may be best shown by giving a condensed ac- 
count of some few of the many trials which I have made. But 
it will be proper in the first place to describe, somewhat in de- 
tail, the methods adopted for securing materials suitable for such 
experiments—methods which may lay some claim to novelty as 
well as convenience. 

Stannate of Soda.—Time alters the crystallized salt, and dis- 
solved stannate of soda having just one equivalent of alkali to 


one of acid, soon begins to change and deposit an insoluble 
metastannate, leaving an excess of soda in the liquid. Hence, 
whenever the really normal combination is wanted, it is best to 
make use of the freshly prepared crystals. 

The commercial “ preparing salt,” when it is free from arsenic, 
may be advantageously used to produc e the pure stannate. 


1. A refined product, of English manufacture, was found , contain 
47 p.c. SnO,, 20 p. NaQ, 11°3. p. NaO.SO,, and 2 6 p. c. Na 
Cl. Some of it a purified thus: 

400 grams of the white “ preparing salt” and 84 grams of acetate of 
baryta were dissolved together in 1600 cub. cent. of water ; and, as the 
solution was too caustic for a paper filter, it was passed through thick 
cotton cloth, the first portions of the liquor being poured back till the 
filtrate came no longer turbid. The clear liquid treated with about its 
own bulk of alcohol. of sp. gr. 0°850, soon gave an abundant deposit of 
fine, indistinct crystals, whic h were gathered into a stout cotton cloth and 
submitted to very strong pressure. The damp product, weighing 181 
grams, was dissolved in twice its weight of water, and the filtered solu- 
tion was mixed with somewhat more than its own bulk of alcohol. The 
crystals of this second precipitation, after undergoing very hard pressure, 
were spread out on paper and left in a cold place over night, to exhale 
the alcohol. They now weighed 143 grams and contained 76 p. c. of 
NaO.SnO,. They were free from carbonate, hydrate, sulphate, and 


? This Journal, [2], xxxii, 339. 
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chlorid of sodium, but made a slightly opaline solution with water, thus 
showing the pres 

Crystals fresh from the press give a clear and complete solu- 
tion; and as a trifling amou yf adhering alcohol is seldom of 
any consequence, it is best to expose the pressed cake to the air 
as little as p 

When the produ 3 freed fi .0ther liquor by absorption 
and careful drying it ap] ive the composition NaO, 
SnO,, 

To get pur ean crystals { xact determination of 
the water a str ition of > prepa salt was treated 
with acetate of baryta, and m s added to the fil- 
trate as it would t tu milky. In two days there 


] 


gath around t I Ul tt a thin, hard 
coating of trans ' \ } e] ( ind pressed 
in absorbent papel t d dry t not at all efflo-. 
resced. ses 55°695 p.c. of 
SnO, and 22°92! would Na Sn 
But it is wort f notice 1 when the precipitated crystals 
are rapidly diss ed vate! it 18 } l instead of cold: 
and it might bi ferred from this fact, that stannate of soda is 
capable of ente} iT ntimate ¢c pina with more water 
than is contained t 1 ydri s, by the solution of a 
quantity of the pressed tals, still damp, in a little more than 
twice their weight of r the thermo: was raised 5° C, 
Stannate of Potas/ Stannate of tash more soluble in 
water than the la salt,’ 1 cal y any means, so 
i 
neatly and easily tat tat 


2 Storer, in his Dictior f ier the heads “ Stannate of Potash” 
and “Stannate of § d nearly that is known respecting these 
salts. We are there t f Fremy, stannate of soda is much more 
soluble in cold than i ter I t this matter, and reduce indefinite 
terms to exact num! I } I t ng ts 

L. A eaturated solut iS ed | equ ting water with an ex- 
cess of the fine, fre epa rysta n a flask surt led with snow. It was 
filtered in a funnel a kept at 0° ( e clear ligt warmed to 155° C. had the 
sp. gr. 1472. It cor d ( ry stanna 

IL. A saturated s tion made In ay 1 Kept at t y 1-448, and 
contained 31 p. « y salt, or 39 ] d 

Ill. A saturated solut Was made i flask key ‘ at 20°C. Cooled to 
15°5° C. it had the sp. gr. 1°438 t « uine f So 100 parts 
of water dissolve 67°4 par the crystals, Na H., at and at 20° C., only 
parts, or nin mucl 

Stannate of potash « 3 no such a but its ibility is somewhat in- 
creased by heat 

IV. At 10°C. a ted solution was made f K SnH, formed by 
spontaneous evapo! t sp. gr. and contained 42°3 p, c. 
ef K Sn. 

V. A saturated solution made at § C. had t 1-627 and contained 48 
p.-c. of dry stannate 


: 
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By using many successive portions of strong alcohol, we may 
withdraw the dissolving water and compel hasty and pretty 
complete crystallization ; and as all the precipitates subside with 
great rapidity, the whole round of operations may be carried out 
in a few hours. But while stannate of soda can be readily 
procured coarse grained, white, and of normal composition, the 
precipitated potash salt is very fine, and besides obstinately re- 
taining much of whatever organic coloring matter may then 
been present in the original solution, it is hable to come out at 
last with somewhat too much or too little alkali. 

2. A crude stannate prepared by heating strongly a mixture of tin, 
caustic potash, and nitrate of potash, was dissolved in twice its weight of 
cold water. 400 c.c. of the clear, decanted liquor, vere thoroughly agi- 
tated with 400 c. ¢. of alcohol of sp. gr. 0°840, and gave a dense liquid 
deposit measuring 275 c.c. This being in turn treated with 400 c. c. of 
alcohol, yielded 175 c. c. of still denser liquor. A third precipitation 
with 400 ¢.c. of alcohol gave a deposit with some solid matter beginning 
to appear in it. 


So far a weaker spirit had been used so as to allow the impuri- 
ties to remain in solution while the stannate was thrown down. 


400 c. c. of alcohol of sp. gr. 0°820 now changed the precipitate into 
a pasty mass, which became crumbly on being stirred up again with 400 
c. c. of strong alcohol. The stannate was then gathered in stout canvass 
and subjected to great pressure. The resulting cake still contained about 
one-eleventh of an equivalent of alkali in excess, there being originally 
two equivalents of potash to one of stannic acid; it was therefore dis- 
solved in a little more than its weight of water and submitted to another 
round of treatment with aleohol. The hard pressed final product con- 
tained 73 p. c. of dry stannate. Being spread out and exposed to the 
air for some hours, it lost all smell of spirit, and was then pure and al- 
most exactly normal. 

When greater nicety is required, such a product should be 
dissolved in a little less than its weight of water and recrystal- 
lized by spontaneous evaporation tn vacuo. 

A careful analysis was made of some pure, hard, colorless, 
transparent, oblique rhombic crystals produced by this last 
method and dried by pressure in absorbent paper. It showed 


VI. A saturated solution made at about 45° C. had the sp. gr. 1°658 and con- 
tained 44 p.c. of K Sn. ne 

Therefore, at 20° C., 100 parts of water take up 110°5 parts of K SoH, or nearly 
twice as much as of stannate of soda crystals. 

When there is present an excess either of alkali or of stannic oxyd, a saturated 
solution contains less of the net normal stannate. 

VIL A solution of K Sny.g saturated at 0° C. had the sp. gr. 1°64 and contained 
404p.cof KSn 

VIII. A solution of K Sn,., saturated at 0° C. had the sp. gr. 1°74 and contained 
41-5 p. c. K Sn and 5°3 p. c. of Sn O, in excess. 

Or speaking with special reference to the oxyd of tin, we may say that its solu- 
bility increases as the amount of alkali present is diminished. 
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of potash sulphate. The waterglass was such as had been well 
purified by precipitation with alcohol. 

While treating this part of our subject we will take the form- 
ula adopted in planning the experiments, and consider silicic 
acid as Si O,. 

6. 80g. of a solution containing 14 p. c. of NaO SnO,, were mixed 
with 32g. of a 29 p.c. solution of NaO.2SiO,, so as to have in the 
united liquors Na, Sn Sig, 

There was no apparent change at first, but, in the course of two days, 
it became an opaque, consistent jelly from which no liquor could be de- 
canted. 

Such were also the products in most other cases; and at first 
these jellies proved rather intractable, for when they were sub- 
jected to quick pressure in common cotton cloth, such as had 
been used in former experiments, both liquor and coagulum 
passed through. Farther experience showed it best to let the 
mixtures stand several days to get fully gelatinized, and then 
proceed to press very gradually in thick, closely woven canvass. 
The cloth was folded over the drained precipitate and placed 
between tvvo bits of pine board. To insure moderation at first, 
the boards were put under a small hand screw which was very 
slowly turned till the greater part of the clear liquor was forced 
out and the substantial portion of the coagulum was reduced to 
small bulk. The boards with their contents were then trans- 
ferred to a large press urged by the full strength of two men 
and theoretically capable of multiplying the power nearly 1200 
times. The pressed products were hard and brittle, and could 
be rubbed in a mortar to a damp powder without caking much 
under the pestle. The powder was generally soluble in chlor- 
hydric acid. On being ignited the cake contracted greatly and 
became opaque, but showed no sign of fusion. 

To make an analysis a weighed portion of the powder was 
treated with chlorhydric acid in excess and dried down at a 
moderate heat. The residue digested for twenty-four hours with 
chlorhydric acid and then well washed with water containing a 
little of the same acid, left the silica pure and in full quantity. 

Another portion of the powder was treated with nitric acid 
in excess and dried down. By washing the dry mass with 
water and igniting and weighing the undissolved matter, the 
sum of the silica and oxyd of tin was ascertained; and a com- 
parison of this with the former determination showed the per 
centage of oxyd alone. The solution being evaporated to dry- 
ness the resulting saline matter was fused and weighed. The 
amount of sulphate in the mixed salts was found by means of 
chlorid of barium; and then the quantity of nitrate and the cor- 
responding amount of alkali were easily calculated. 

Am. Jour. Sc1.—Seconp Serizs, Vout. XL, No. 119.—SEpr., 1865. 
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_ 11, 5. A saturated solution of stannate was put with as much melted 
Na SiH, as would make Na, SnSi, and the mixture was evaporated at a 
gentle heat till it contained 47°5 p. c. of solid matter. It remained clear 
and would not crystallize though set out in the open air during several 
of the coldest days of winter. The strong liquor bore boiling without 
apparent change, but when much diluted was coagulated by heat. 


Stannate of Potash with Silicate of Potash. 


12. A mixture made so as to contain 21 p. c. of K, Sn Si, underwent 
no visible change in a month. 

A mixture containing 19 p.¢. of K;SnSi, also remained unchanged 
for a month. Fe 

13, a. 72 g. of a 10 p.c. solution of KSn were mixed with 60 g. of 
12 p. ¢. KSis, so as to bring together about equal weights of SnO, and 
SiO,. There was no perceptible alteration for a day, but in three days 
it became a thin transparent jelly. After standing a week it was squeezed 
gradnally and then hard pressed. The transparent product weighed 28 
g. and contained 39 p. ¢. net of K, Sn, Si,5. . 

13. b, 288 g. of a 2°5 p.c. KSn solution were mixed with 240 g. of 3 
p.c. K Sis. It remained apparently unchanged for a week. In the course 
of the second week it became gelatinous, but no liquor could be pressed 
out. At the end of three weeks it had fully coagulated, and being now 
hard pressed it gave a translucent cake weighing 23 g. This contained 
17 p. e. of mother liquor and 40 p. c. of Kg Sng 


14. 77 g. of a solution containing 15 p.c. of KSn, were mixed with 
38 g. of a 20 p. c. solution of K Sis, so as to make in all K, SngSi3. It 
underwent no noticeable modification for some time, but in two days it 
formed a firm, slightly opaline jelly. After standing a week, it was hard 
pressed and yielded a mass weighing 28 g. and containing 38 p. c. net 
of K, Sn, Si., 


Metastannate of Potash with Potash Waterglass. 

15. 20 g. of a 10 p.c. K Si, liquor were mixed with 20 g. of a solu- 
tion containing 10 p. ce. K5n,.4. There was no change for some time, 
but in the course of 17 days it thickened. The hard pressed solid part 
weighed 5°5 g. ae 

16. 10g. of a 30 p.c. solution of KSis were stirred into 10 g. of a 
24 p.c. solution of K5n;.3, It soon got a little thicker but did not gel- 
atinize at all. 

Weaker solutions of the same metastannate and silicate, were mixed 
with similar results. 

17. 10 g. of a 10 p.e. K Sis solution were put with 10 g. of a 10 p.c. 
KSn;.;; no immediate change. In the course of 10 days it gelatinized, 
and when hard pressed it gave a cake weighing 4 g. 

18. 20 g. of a 15 p. ¢. solution of KSis were mixed with 20 g. of 16 
p. ¢. KSnyo-¢. It continued unchanged a month, but at length gelatin- 
ized. 

A comparison of all the experiments from which this selection 
has been made, brings to light nothing definite or uniform in 
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the products of the reaction of stannates with silicates. The 
strange looking quasi formulas here used show ir compo- 
sition by equi ts instead per centas ike the similar 
expressions em] ed for 1 precipitat ribed in Parts II 


and IV,— would ltogether p1 te re they intended 
for anything n e n i? co table expre 
sions of the results « lvs In vy we search for any 


principle that will enal t al ¢ titution to 
substances w! rive their riety of composi- 
tion from me! ts n, } ty, temperature, and 
of time allowed f ( it Ma nicked tances, like 7, 
8a, and 9, 1 tena ipposition of a tendency to 
the formation « ict I t Z2051U., united 
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Sid,, are lil y t the common 
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nitely soluble in water. Both are precipitated by alcohol with 
partial decomposition, and indeed in both the acid and base seem 
to be in astate of association rather than of strict chemical com- 
bination. The following experiments, illustrating this point, 
may be compared with the similar trials of silicates mentioned 
in Part III: 

20. 350 g. of a solution containing 6 p. c. of KSn,.,, were mixed with 
850 ¢. c. of alcohol of sp. gr. 0°840. After two washings with alcohol, 
the floceulent precipitate was collected in a cloth and hard pressed. The 
thin translucent, brittle cake, after twelve hours exposure to the air, 
weighed 24 g. and contained 82 p. c. of KSn,.5. It was dissolved in 9 
parts of water and treated with alcohol as before. The second precipi- 
tate when pressed and aired contained 81 p. c. of KSn,.,. The third 
precipitate contained 80 p. ¢. of K Sng-s The product ot a fourth pre- 
cipitation showed 81 p. c of KSng., The fifth precipitate contained 82 
p.¢. of KSn,,.,. And the sixth product was readily soluble in water 
and showed 72 p- ¢. of 

21. 50 g. of pressed crystals of stannate of potash were dissolved in 
water, so as to make 600 c.c. 200 c.c. of 5°4 p.c. nitric acid were 
stirred in, and, when the liquor had recovered its transparency, 1700 c. c. 
of aleohol were added. After one washing with alcohol the pultaceous 
precipitate was very gradually squeezed and then hard pressed. After 
some hours exposure to the air, the cake weighed 27 g. and contained 79 
p. ¢. of K Sn, It was dissolved in 9 times its weight of water and 
treated with ‘aloobel. The second flocculent deposit hard pressed and 
dried in the air, contained 80 p. c. of KSn,.3- The precipitation was re- 
peated many times, and finally the tenth product, weighing 5°5 g., was 
not entirely soluble in water. The soluble part contained KSn,,.,, and 
the small insoluble residue had nearly the same composition. 

ac astannate of potash is also thrown down as such by many 
potash salts; and here too, as with waterglass, the acetate and 
the chlorid prove most efficient. 

22. 25 g. of a solution containing 21 p. c. ef KSn,., were mixed with 

g. of a 20 p.c. KCI solution. The very bulky deposit after being 
squeezed and subjected to hard pressure, weighed 6°4 g. It contained 28 
p. ec. of mother liquor and 64 p. ¢. of KSn,.,, and was readily soluble in 
water, 

23. 40 g. of a 9 p.c. solution of KSn,., mixed with 40 g. of a 10 
. c. solution of acetate of potash gave a precipitate that compressed to 

g. and contained 68 p.c. of KSn,.., This was wholly soluble in 
water. 

Carbonate, sulphate, chromate, or nitrate of potash give a 
precipitate after a time when added in inconsiderable quantit 
to the metastannate; but neutral stannate, of whatever pe. | 
and in whatever quantity, has no effect upon a metastannate so- 
lution. 

On account of the insolubility of metastannate of soda, soda 
salts soon disturb a solution of metastannate of potash. Thusa 
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liquid containing 1 . of paque with its own 
weight of a2 p. « ( A much less quantity of 
sulphate of soda a ! 1u ne me ettect. A soda 
salt therefore afi test of the ence of metastannate in a 
stannate of potas! n, t rs must not be too con- 
centrated. 

Fremy says that stanna tated from its 
solution by almost { ev tS Ol potash, 
soda, and ammonia. He : ted w juors that 
had been kept t and had t ntaminated 
with metastannat my riments afford no confirm- 
ation of his stat t asf : la salts are con- 
cerned. On t rary | 1 these ts to have 
any effect at : rmal stan- 
nates of potash mixéd with 
a neutral salt, d some time, 
but so does the d 10n. 

Indefiniteness of to tl astannates in 
no less degree t] to water! ! issigned the 
formula’ KO.2S 1 down on 
KO.Sn,0, ,+4H' lt the change :* 

“Je préparais fois | it ant bouiller 
de l’acide metast ipitant ces 
dissolutions pal reconnu recemment que pendant 

en stan- 
nate; en traitant « t e précipitais un 
melange on peut ! t de meta- 
stannate, ete.’ 

“ C'est ainsi gq is t a re} ter l’acide meta- 
stannique par la Mais re actuellement 
des metastannates ra le stan- 
nates; aussi | e t n equivalent 
d’acide metast 

Fremy’s | 
should conta 
caustic potash l 
solution bits of s t yitate was dried 
by absorption on 1 B hardly be pos- 
sible by mere stance, entirely 
free from so t] te pot- 
ash would ma Vv came ou 
very nearly a 
products anal) ! i | ne indi- 
vidual. But tl 10°5 to 
¢. of potash le 1 juor, is Man- 
ifestly gratuit son for suppos- 
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ing that cold caustic potash exerts no modifying action on meta- 
stannate; for time often brings about in part what heat effects 
rapidly and fully, and in fact I have seen an abundant precipi- 
tate, produced by moderately strong potash liquor, disappear in 
an hour or two with but a very slight elevation of temperature. 
Some idea of the difficulty of separating a mother liquor from a 
gum-like precipitate, may be gathered from the experiments on 
precipitated waterglass given in part IV. There we had a sub- 
stance as capable as metastannate of potash of being reduced to 
a very compact form. There we had the advantage of a mother 
liquor much thinner and much more easily separable from the 
curd. There was also a powerful pressure effectually accom- 
plishing in a few moments, and consequently without chance of 
modification by time, what the contractility of metastannate and 
the imbibing power of porcelain could do but slowly. Yet the 
precipitated silicates retained, on an average, about thirty per 
cent of mother liquor. Due allowance being made for the 
greater density of a stanniferous compound, it certainly would 
not be making a very high estimate to say that metastannate of 
potash thrown down by potash, after as complete a drainage as 
possible, must retain not less than ten percent of strong caustic 
potash liquor or some three per cent of dry potash in excess. 
I see no chance of actually finding out how much of the potash 
is combined and how much is free ip such a case; for if we add 
any indicator, it would alter the conditions of the experiment. 

Hence, Fremy’s formula having no fixed basis must be looked 
upon as a rather uncertain approximation to the true composi- 
tion of the metastannate made by his method. 

According to Rose,* Weber found solid metastannate of pot- 
ash to consist of KO.7Sn0,+8HO. But we are not told by 
what process it was made. 

Berzelius says that one part of potash will dissolve sixteen 
parts of stannic acid, and these proportions would make about 
KO. 10Sn0,. 

As to matastannates obtained by precipitation with alcohol or 
with neutral potash salts, we have found that by varying the 
conditions the composition of the products may be made to 
range from less than five up to more than seventeen equivalents 
of binoxyd of tin to one equivalent of potash. And Graham’ 
has shown that when the alkali is eliminated by neutralization 
and dialysis, metastannic acid is itself soluble in pure water. 
Hence there is probably no limit to the possible diminution of 
potash in the still soluble metastannate. 

I have heretofore enunciated the general rule that soluble salts 
having as bases, ferric, chromic, stannic, or other oxyds contain- 

Poggendorff's Ann. Ixxv, 15. 
* Repertoire de Chimie, Sept., 1864, p. 184. 
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ing more than one valent of oxygen to one of metal, may 
have a large part clad withdrawn and still remain dis- 
solved. And now it teresting to find that when binoxyd 
of tin is brought into solution by an alkali, a similar principle 
holds good, and the greater port tr the ise may be removed 
without any immediate pern nt pre tation of the acid. 
Metastannate of sod weve it t ily soluble, and 
is thrown down f solutio f the neutral stannate by long 
standing or by b y 30 soon d ted from a solu- 
tion in which t yf st te has been partly 
taken up by a st [hese p ites are, by no 
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means, of the s tho approach 
very closely to the tions 1 i for 

24. Some purified ha lried in the air and 
then kept in a well s tle. for tw rs 9g treated with 
ten times its weight of twe third of 
the tin, combined wit Nat : 

The clear liquor, ling ' cs ne-seventeenth of 
its tin as NaOQ. 4°78 

25. A ten per cent n of 1 stannat ng kept 34 days, 


deposited one-twelfth the ox ution with enough 
alkali to make NaO. 5S 
26. A ten per cet NaOQ.Sn0O,, wa: 1 a few moments 
and let fall one-sixt ne soda { ng NaO.5Sn0,. 
27. A solution conta t of pu innate, by boiling 


deposited one-sev 
Bolling tu t solu NaO.8 thee 
tation of over one-thi: soda t ke NaO.7Sn0,. 


29. A one per cet juired long boil- 


ing to make a decid ite a iltered out of the 
bulky product ver . 3 residue was 
soluble in water and f NaO Sn0 ed over one- 


half of the tin. 
30. A solution conta yg ll] f NaO.SnO nd p.c. of NaCl, 
being boiled fis ry easy to 


collect, drain and pr l one-fou f ind consisted 
of NaO.6-7Sn0, 

The addition of t of t | no causes a 
precipitation in as more t } of normal 


stannate of soda 

So far as is | t pre e is to show that 
any one of the 1 st 3 tled to 
rank as a definit ind. N es; none 
is a product inval ( n several different 
ways of formatio: me exhibits a ] logy to any un- 
doubted exact * nol re any point up 
to which the variation gradua lecreases, and beyond which 
it gradually increases. Ther y then nothing certain on 
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which a formula may be based, it seems hardly right to take 
any one chance product, and, rejecting the odd parts of equiva- 
lents, to set down that product with its analysis so amended, as 
the true metastannate of potash or of soda. The composition 
of substances can not always be squared with exact atomic pro- 
portions, for there is a class of indefinites in which one of the 
constituents may admit of a large increase or diminution with- 
out apparent alteration in the character of the compound. As 
the world was very slow to comprehend Wenzel’s proposition 
that bodies must unite in fixed and invariable proportions, so 
has it since been quite as slow to learn that there are cases in 
which this great principle does not hold good. Wenzel says:" 
“Dass eine jede Verbindung der Korper, eine bestimmte und 
unveranderlich bleibende Abmessung haben muss, die ohne 
aiisserlich mitwiirkende Ursachen weder grésser noch geringer 
werden kann, weil sonst. auch nichts gewisses aus ihrer Ver- 
gleichung bestimmt werden kénnte, ist schon an sich klar. Es 
folgt daher nothwendig, dass eine jede mdgliche Verbindung 
zweyer Korper, mit jeder andern bestiindig in dem genauesten 
Verhaltnisse stehet, und dieses Verhiiltniss driicket den Grad 
der Verbindung aus.” That the constitution of bodies is deter- 
minate and unalterable, is hardly self evident, and indeed it is 
a matter to be proved by the balance rather than by mere rea- 
soning. Jt is true that the confirmatory instances have been 
found to be numberless. Still a great many do »ot necessarily 
make all, and a single negative example is sufficient to disprove 
absolute universality. Wenzel himself, while laying the sure 
foundations of chemical science, fell in with some of the indefi- 
nites and thus unwittingly furnished some negative instances. 
He proceeded to determine the equivalents by neutralizing the 
acids with different bases, and worked correctly so long as those 
bases were protoxyds. But such a method is as little applicable 
to alumina and similar peroxyds as it is to bone earth,—“ Elfen 
beinerde,”—-which he reckoned among the simple bases. So 
after attempting to saturate nitric acid with alumina, he con- 
cluded that* “Das Verhaltniss der Alaunerde zum stiirksten 
Salpetersauern, ist also beynahe . . . . wie 849: 240.” Instead 
of forming the normal nitrate Wenzel in this case must have 
got the soluble basic 3A!,0,.2NO,, and stopped at a supposed 
but not real limit of solubility. 

Cases of indefinite combination are not unlike those of solu- 
tion in which such things as gum or albumen are concerned. 
These may unite with water in all proportions, while most crys- 
tallizable substances dissolve, at any given temperature, until 
the liquid contains a certain percentage of solid matter,—a per- 
centage which is exactly definable for each particular salt. In 

* Lehre von der Verwandschaft der Korper. Dresden, 1782. p. 4. 
* Idem, p. 118. 
Am. Jour. Scr.—Seconp Serizs, Vou. XL, No. 119.—Sepr., 1865, 
24 
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I have found the same melting point, and have made several 
analyses which invariably go to confirm the formula given by 
Hausmann and by Ammon. Thus in one case the pure, care- 
fully dried crystals, by suitable treatment with nitric acid, gave 
2274 p. c. of SiO,, and nitrate corresponding to 23°66 p. c. of 
NaO. Another portion of the same — being heated with 
fused bichromate of potash, lost 54°13 p. 

_ The percentages answering to NaO. SiO, .8HO, would be 
22 55 of Si0,, 23°31 of NaO, and 54°14 of HO. 

The pure salt may be very easily made with the dense liquid 
which alcohol throws down from a cleansed solution of the com- 
mercial silicate, NaSi,.,,. When such a precipitate is stirred 
up with an equal weight of caustic soda liquor of sp. gr. 1°32 
considerable heat is evolved, and if the mixture is set in a cold 
place, it begins to crystallize in a few hours. The first crop 
should be dissolved in a little water and recrystallized. We 
thus get a clear, hard salt permanent, except in presence of car- 
bonic acid. And to avoid the action of this gas existing in the 
atmosphere, it is well to dry the broken up crystals in a closed 
space over lumps of caustic soda or lime, and keep them ina 
tightly stopped bottle. But as in cold weather both the forma- 
tion of the rough salt and its recrystallization may be carried 
out in forty-eight hours or less, the absorption of carbonic acid 
by the dense solution, is too slight to affect the purity of the 
crystals deposited. Crystallization in vacuo is a needless refine- 
ment; and spontaneous evaporation is in any case unnecessary, 
for as long as the alkali is slightly in excess, a weak solution 
can just as well be rapidly concentrated by heat. 

Ammon attempted in vain to crystallize the potash salt and 
to form a double silicate of potas sh and sod: L. 

All my own efforts to produce crystals of potash silicate have 
thus far proved unav ailing, though I have exposed very con- 
centrated solutions, for many days, to the extreme cold of winter. 

Berzelius fixed on SiO, as the constitution of silicic acid, 
principally on account of an assumed analogy between feldspar 
and alum; and there would be some show of reason for such 
an assumption, if feldspars contained twenty-four equivalents 
of water and were the only known combinations of protosili- 
cates with sesquisilicates. But the numerous well characterized 
siliceous minerals are an intractable set of compounds, what- 
ever theory we adopt, and any formula for silica which gives 
conformity to one class, makes other species altogether anoma- 
lous. Why should we slight the plain guidance of the simple 

silicates and selecting fel ispar, —a complex, anhydrous combina- 
tion ,—presume on its resemblance to a double sulphate which 

‘8 See Part ITI, this Journal, xxxiii, p. 84. In the 18th line from the bottom of 
that page, it should read, “add to the filtrate two parts of alcohol,” instead of 
“twenty parts.” 
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crystallizes only as lrat W hy shor we pay so little 
regard to analogy as to write X oe 1 Ga,Si, for sub- 
stances as definit crysta il in J lem, when soda 
and lime are not | to | ot I juesti nable basic 
salts? If we att ite to s 1 a composit milar to that of 
carbonic acid, t ynosilicates MeSi. and the 
basic silicates Zn. Si, M e no longer 
unparalleled; and 1 1erals a composi- 
tion unlike that of arti! most of t silicates 
will have far ti 

In the ou co e, crystallization 
can take piace oO! W he tne l ¢ bil nt is re duced to 
the normal q hus t trat ina, iron, 
and chrome vst a i amount of 
acid present Dut \ ts crystalliza- 
tion. We v that t st nain stan- 
nates only w \ NOW lI we add 
caustic soda t s capable of af- 
fording crysta st lantity of soda very slightly 
exceeds that of 1 and 300ne]} Fair analogical rea- 
soning would f that t t till then, had 
we come to t] f thi 

Thermic Rela \not roument for the 
formula SiO.. t rt elf a t nelusive one, 
may be draw I [ [ wat 1 mixed with 
caustic alka rt ent s of soda, which 
is too weak t ens rm | ition, if we 
add half an eq t to t of NaO 2Si0,, the tem- 
perature imn rises \ valent of alkali 
causes the ev Y t le t n before. A far- 
ther additio: vithout effect,—as 
Thomsen “ als ect 1 cid as well as 
phosphoric and t tl of temperature 


1S NOW SO Very t that t col t silicate as hav- 
ing already t of rmal salt. As 
NaOSiO, s ty r much heat with soda, 
it must be an a t | that { ts true constitution. 
Trials of m oraduated 
to fifths of 
$1. 110g. of asolut taining 47 p.c. of NaO. 2°37Si0, at 64-4° 
F., were mixed 12 a liquor at 64°2°, so 
as to make NaO The 1 r was raised to 71°4°, making 
arise of 7°3° ] 

32a. 110 ¢. of 471 NaO.2 at F. were mixed with 
90 g. of 10 p.« NaO at i° to form NaO SIU, O1 NaO.Si0O.,. The 
thermometer ros rie”, cng an increase of 9°8° F, ‘ 

b. The 200 g. of t 65°29 were mixed with 122 g. of 10 p. ¢. 
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NaO at 64°9°, so as to produce NaO.Si,. The thermometer then stood 
at 67°3°, making a rise of 2°2° F. 

c. Some of the neutral silicate of 6 at 64°6° F. was mixed with half 
its weight of a 10 p. c. soda solution at 64°9°. It rose to 65°4°, making 
an elevation of 0°7° F, 

Reckoning the increase in each case as affecting only the original 110 g. 
of silicate, the rise in 30 would be 21:37° F. In 32a, it would be 
17°82°, and in 6 it would amount to 3°54°, or in both together 21-36°. 

In 32 ¢ it would be only 1°05°. 

This heating by no means arises from simple condensation, 
for dilution of the same waterglass with mere water, causes even 
more contraction. Thus: 

33 a. A narrow necked 100 e. ce. bottle containing 50°616 g. of 47 
p. c. NaO.2°48i0, of sp. gr. 1°558, was cautiously filled up with water. 
It was then closed and well agitated and there was a striking decrease 
of volume. Water was added once or twice with farther agitation till it 
stood at the right level at the normal temperature. 68°88 g. of water 
had been put in, and the sp. gr. was now 1°474, Calculation shows that 
instead of 100 ¢. ¢., it should have measured 101°36 ¢.c. So the con- 
traction amounted to 1°34 p.c, 

b. 110 g. of the 47 p. c. waterglass were mixed with 90 g. of caustic 
soda liquor of sp. gr. 1:164. ‘The sp. gr. was now 1°363, and therefore 
the contraction amounted to 0°8 p.¢. 

c. The liquor of 6 being farther diluted with 125-2 g. of caustic soda 
liquor, the whole bulk was diminished 0°5 p. ¢. 

The total contraction in both mixings amounted to 0°95 p. ¢. of what 
the aggregate volume should have been. 

Though condensation results from the dilution of waterglass 
with water, it is a remarkable fact, and, as far as I can learn, one 
that has hitherto remained unnoticed, that there is at the same 
time a positive reduction of temperature. 

34. 110g. of 47 p.c. of NaO.2°4Si0, at 63°6° F., were mixed with 
90 g. of water at 634°. The temperature fell to 61°9°, making a fall of 
1°6° F, 

35a. 100g. of 47 p.c. NaO.2-4Si0, at F. were mixed with 
50 g. of water at 66°. It got down to 65°1°, making a fall of 1° F. 

b. These 150 g. cooled to 60°1° were mixed with 50 g. of water at 
60°. The thermometer then stood at 59°2°, making a fall of 0°87° F. 

c. The 200 g. of b at 61°3° were mixed with 50 g. of water at 61°4°, 
It fell to 60°85 making a fall of 0°45° F. 

Bringing all to the same standard by reckoning the reduction of tem- 
perature as concentrated in 100 g., the fall in a would be 1°5°; in 6, 
1:74°; inc, 112°; and in 34 it would be 2°9° F. 

It needs a more extensive examination than has yet been 
made, to show whether this unaccountable behavior is peculiar 
to waterglass. Metastannate of potash is neither heated nor 
cooled by dilution. Nor is the treatment of the metastannate 
with caustic potash liquor attended with any more elevation of 
temperature than might be due to the precipitation which results, 
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plane of such an orbit, and the two stars are situated at right 
angles to that line, it is clear that the velocity of the rays reach- 
ing us from one star exceeds that of tle rays from the other by 
double the speed of those stars in their orbit. That light reaches 
us at various velocities from all the various stars is of course as 
certain as that they have proper motions, or that our solar 
system is moving through space; but the difficulties in the way 
of gaining any accurate comparison of those velocities are very 
great. 

In reflecting upon the undulatory theory of light I have been 
quite unable to conceive how the luminiferous ether could 
“tremble laterally’’ as the phrase is, causing vibrations transverse 
to the line of propagation, without a direct relation existing 
between those lateral vibrations and the forward impulses by 
which the phenomena of light are translated. The ether being 
continuous and material and elastic, being in a word capable of 
sustaining a vibration, a vibratory impulse in it at right angles 
to the course of a ray of light seems fairly comparable to a 
lateral displacement of a point in a rope, or to the merely verti- 
cal vibration in a water wave not of translation, or to the vibra- 
tion of air by a sound, all of which vibrations produce (we may 
almost say are) longitudinal undulations. 

But if the lateral vibrations of the zther produce the onward 
propagation of the ray, then the number of lateral impulses in a 
second equals the number of forward impulses arriving in a 
second at a relatively stationary point, and as it is established 
that the number of lateral impulses varies according to the color 
of the light, so the number of forward impulses striking a rela- 
tively stationary point—say a retina—must vary with the color 
of the light; and if the source of light, instead of being at a 
constant distance, should rapidly approach the retina, the latter 
must receive a greater number of impulses per second, and its 
impression of color therefore must be correspondingly modified. 
If the retina and the source of light rapidly separate from each 
other, the number of impulses striking the retina must on the 
other hand be diminished, producing the corresponding change 
in the perceived color. 

Now, if we imagine a star emitting white light to approach us 
in an orbital movement at a sufficient rate of speed, its light 
should appear to us reddish, changing at the perigee into white, 
changing again into blueish as the star departs, and again into 
white at the apogee. There are, however, variable stars whose 
colors undergo exactly those changes, viz: passing from one 
color to its complimentary, and back again, with periods of white 
light intervening. The binary stars, whose colors are frequently 
complimentary to each other, should, under the proper circum- 
stances, exhibit the same circuit of change, but I am not pre- 
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Art. XX.— Contributions to the Chemistry of Natural Waters ; by 
T. Srerry Hunt: of the Geological Survey of Canada. 


II. 
Chemical and Geological Considerations. 


Contents or Sxctions.—52, salts of alkaline metals, proportion and sources of pot- 
ash ; 53, potash in a borax lake, in the primitive sea; 54, salts of lime and 
magnesia, relations of chlorids and carbonates; 55, solubility of earthy carbon- 
ates; 56, super-saturated solutions of carbonates of lime and magnesia; 57, salts 
of barium and strontium, solution of their sulphates; 58, iron, manganese, alu- 
mina and phosphates; 59, bromids and iodids; the small portion of bromine and 
the excess of iodine in saline springs as compared with the modern ocean; 60, 
probable relation of iodids to sediments ; 61, sulphates, their elimination from 
waters ; 62, water holding a soluble sulphuret; 63, borates, their detection and 
determination ; 64, analysis of a borax water from California; 65, carbonates, 
their amounts in the Caledonia waters; 66, intervention of neutral carbonate of 
soda ; 67, deficiency of carbonic acid in waters; 68, reactions of various waters; 
69, silica, its source and its proportion; 70, its condition; formation of silicates ; 
71, organic matters; 72, geological position of the waters here described: 73, 
succession of Paleozoic strata; lithological relations of successive formations ; 74, 
Quebec group, its waters; 75, sources of various classes of waters; 76, their 
relation to the formations; 77, association of unlike waters, changes in consti- 
tution; 78, temperature of springs, thermal waters; 79, geological interest of 
the above analyses; possible results of the evaporation of these springs ; 80, re- 
lations of mineral springs to folding and to metamorphism of strata; 81, on the 
supposed origin of the primeval ocean and the earliest sediments; 82, on the 
theory of metalliferous deposits. 


§ 52. Salts of the Alkaline Metals.—These salts abound in most 
saline waters, and except in the few cases in which sulphate of 
magnesia prevails, form a large part of the soluble matters 
present. The salts of sodium are by far the most abundant, 
and the proportion of potassium salt is generally small. The 
chlorid of potassium in modern sea-water constitutes three or 
four hundredths of the alkaline chlorids, while in the brines 
from old rocks, and in saline waters of the first two classes 
alike from Germany, England, the United States, and Canada, 
its proportion is much less, sometimes amounting to traces only. 
In the waters of classes III and IV, where alkaline carbonates 
appear, and even predominate, the proportion of potassium salt 
becomes greater. Thus of the waters of the latter class (§ 45), 
the alkalies of the Nicolet spring calculated as chlorids contain 
1:89 per cent of chlorid of potassium, and those of the Jacques- 
Cartier 2:95; while for the St. Ours spring the chlorid of potas- 
sium is equal to not less than 25:0 per cent. ‘There does not 
however appear to be any relation between the proportion of 
alkaline carbonate and that of potassium, since the salts from 
the waters first named are more alkaline than those of St. Ours; 
while those of the alkaline water of Joly contain less than one 
per cent of potassic chlorid. 

Am. Jour. 8c1.—Srconp Series, Vou. XL, No. 119.—Szpr., 1865. 
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sought for in a few instances, and was detected in the waters of 
Varennes. Most of these analyses were made before the discov- 
ery of the new metals cesium and rubidium. 

§ 54. Salis of Calcium and Magnesium.—We have to consider 
under this head the relations both of the chlorids and the car- 
bonates of these bases. ‘The bitter saline waters of the first class, 
although containing large quantities of chlorids of calcium and 
magnesium, are, as we have seen, generally destitute of earthy 
carbonates, ‘These latter, however, are found in small quanti- 
ties in the alkaline waters of the fourth class, and in somewhat 
larger amounts in those intermediate waters which form classes 
II and III, and are ap parently formed by admixtures of the two 
classes previously mentioned. Besides the carbonates of lime 
and magnesia which the waters of the fourth class bold in solu- 
tion, the carbonate of soda which they contain gives rise, by its 
reaction with the chlorids of calcium and magnesium, to addi- 
tional quantities of the carbonates of these bases. In the waters 

Kingston (§ 36), a large amount of chlorid of calcium is as- 
sociated with earthy cé irbonates, and these waters thus offer a 
passage from the first to the se cond class. 

In most of the waters of the second class, as will be seen 
from the table § 42, there appears but a small amount of chlorid 
of calcium; and even this depends upon the manner in which 
the analysis has been conducted. We may suppose in the recent 
water such a partition of bases between the chlorine and the 
carbonic acid that chlorid of calcium, chlorid of magnesium, bi- 
carbonate of lime and bicarbonate of magnesia co-exist. When 
such a solution is submitted to evaporation at ordinary tempera- 
tures, provided there is present a sufficient amount of chlorid of 
calcium, carbonate of lime alone is deposited, and chlorid of 
magnesium remains in solution. 

In case the chlorid of calcium is insufficient, the lime is still 
first deposited as carbonate, and the more soluble magnesian car- 
bonate is precipitated by further evaporation. When however 
such a water is boiled, a reverse process takes place; the car- 
bonate of lime slowly decomposes the magnesian chlorid, and 
carbonate of magnesia is deposited, while chlorid of caicium re- 
mains in solution. Hence if the amount of chlorid of magne- 
sium be great enough, and the ebullition sufficiently prolonged, 
the precipitate will at length contain only carbonate of magne- 
sia; while an equivalent of chlorid of calcium, now found in 
the solution, represents the carbonate of lime which the analysis 
of the precipitate at an earlier stage of the ebullition would 
have furnished. 

As an example of this may be cited the analysis of the water 
of Ste. Genevieve (§ 42, No. 8), where the precipitate after a 
few minutes’ boiling contained carbonates of lime and magnesia 
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sodium, calcium and magnesium, with or without sulphate of 
soda, and saturated with carbonic acid, it was possible to obtain 
transparent solutions holding from 8°40 to 4°16 grams of carbon- 
ate of lime to the liter; of which however the greater part was 
deposited after twenty-four hours; when the solutions were found 
to contain somewhat less than 1:0 gram in the form of bicarbonate. 
Boutron and Boudet had previously shown that by saturating 
lime- auaee with carbonic acid, solutions were obtained holding 
in a liter 2°3 grams of carbonate of lime; of which one half was 
soon deposited, even when the solution was kept under a press- 
ure of several atmospheres. It would thus seem that saline 
liquids favor this temporary solubility of the carbonate of lime. 

In ali of the above experiments an excess of carbonic acid 
was present, but this I have since found is not essential, since 
super-saturated solutions may be obtained holding as much as 
1-2 grams of carbonate of lime, together with sulphate of mag- 
nesium and chlorid of calcium, in a liter of water, without any 
excess of carbonic acid. The power of alkaline chlorids and of 
chlorid of calcium to prevent the precipitation of chlorid of cal- 
cium by carbonate of soda has already been observed by Storer, 
(Dictionary of Solubilities, p. 110). I have found that the pre- 
cipitate produced by the admixture of solutions of these two salts 
is readily dissolved, when recent, by a solution of chlorid of cal- 
cium, or of sulphate of magnesia; and thus liquids may be pre- 
pared holding at the same time from 1-0 to 1-2 grams of neutral 
carbonate of lime and 1‘0 of neutral carbonate of magnesia in 
presence of sulphate of magnesia. These solutions of carbonate 
of lime, which are strongly alkaline, may be kept for twelve 
hours or more without perceptible change at ordinary tempera- 
tures, but after a time deposit crystals of hydrated carbonate of 
lime. The addition of alcohol immediately throws down the 
whole of the carbonate of lime in an amorphous condition. 

The carbonate of magnesia is still more soluble than the car- 
bonate of lime under similar conditions, and it is possible to ob- 
tain 5°0 grams of neutral carbonate of magnesia dissolved in a 
liter of water holding seven per cent of hydrated sulphate of 
magnesia, without any carbonic acid. These solutions, which 
are strongly alkaline to test papers, yield a precipitate by heat, 

which re-dissolves on cooling. 

It is evident that the m: ngliug of saline and alkaline waters 

may give rise to solutions like those just described, and thus ex- 
plain. apparent anomalies in composition like that of the Kings- 
ton water. See also in this connection the observations of 
Bineau, and my own on the properties of solutions of sesqui- 
carbonate of magnesia. (This Journal [2], xxvii, 178.) 

§ 57. Salts of Barium and Strontium.—As will be seen from 
the preceding tables, the salts of these two bases are found in 
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largest amount which I have met with was in an alkaline water 
from Fitzroy ($48, No. 4); where it was equal to ‘0124 of tri- 
basic phosphate of soda in 1000 parts of water. 

§ 59. Bromids and Jodids.—The chlorids in these ancient min- 
eral waters are always accompanied by bromids and iodids; but 
the proportion of the bromids to the = appears to be 
much less than in the waters of the modern se According to 
Usiglio, 100 parts of the salts from the Sediasentinn contain 
1:48 of bromid of sodium; while ten analyses by von Bibra of 
the waters of different oceans, give from 086 to 1°46, affording 
for 100 parts of salts a mean of 1:16 of bromid of sodium, 
equal to 1°04 parts of bromid of magnesium. The waters of 
Whitby and Hallowell, on the contrary, which are the richest 
in bromids of those described in this paper, contain only 0°54 
and 0°69 parts of bromid of sodium in 100 parts of solid mat- 
ters; while few of the saline springs of the second class contain 
more than one-half of this proportion, and some of them very 
much less. 

With regard to the iodids in many of these waters, however, 
the case is very different. The waters of the modern ocean, as 
is well known, contain but traces of iodine, and in some strongly 
saline springs of the first class, like that of Whitby, it is only 
in the alcoholic extract of the salts from this water that iodine 
can be detected. The Hallowell water (§ 36, No. 3), which 
closely resembles this in its general composition, and in the pro- 
portion of bromids, is however so rich in iodine that its presence 
can readily be discovered without previous oe It is 
sufficient to add to the recent water acidulated by hydrochloric 
acid a little solution of starch and a few drops of nitrite of pot- 
ash to produce an intense blue color. The iodid of sodium in 
the first-named water was found equal to 0-0017 parts of the 
solid matters, and that of the second to 0°019, or nearly twelve 
times as much. The unconcentrated saline waters of Ste. Gene- 
vieve, of the second class also give a strong reaction for iodine; 
and when acidulated with hydroch| orice acid, without previous 
evaporation, yield with a salt of palladium an insoluble precipi- 
tate of iodid of palladium after a few hours. The salts from 
these two springs of Ste. Genevieve, though poorer in bromids, 
are much richer in iodids than the waters of Hallowell ; the 
spring No. 8, containing in 100 parts of salt no less than 0-138 
of iodine; so that there appears to be no constant proportion 
between the chlorids, bromids, and iodids of these saline waters. 

§ 60. The relations of bromids and iodids to argillaceous sedi- 
ments have yet to be determined. It would appear from the 
facts just cited that bromine has in the course of ages been 
slowly eliminated from insoluble combinations, and like potas- 
sium, has accumulated in the waters of the ocean; while the 
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facts in the history of iodine seem to point to a process the re- 
verse of this; in other words to a gradual elimination of iodine 
from the sea-waters, and its fixation in the earth’s crust. The 
observations of numerous chemists unite to show the frequent 
occurence of small portions of iodine in some unknown com- 
bination, in sedimentary rocks of various kinds; from which we 
may conjecture that it was in former times abstracted from the 
sea, either directly or through the intervention of organic bodies 
(as in the case of potash, which is separated and fixed by means 
of algz, § 5). Experiments after the manner of those of Way 
and Voelcker may throw light upon this interesting question. 
We are aware tnat iudle ! nations of soluble chiorids 
with silicates of I ire f i under certain conditions, as 
appears in the g ition of lalite, eudialyte, and the chlorif.- 
erous micas, al not improba luble iodids may 
give rise to simila pou ls } ch a precess might be 
explained the rarity of this element in modern seas, while the 
occasional re-solution of the iodine from these insoluble com- 
pounds by infiltrati waters, would help to explain the vari- 
able and often large proporti il ich this element is met 
with in some of vat notic \ 

§ 61. Sulph te In the preceding sect 3 nave already 
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waters in which sulphates pr ate, or prevail to the exclu- 
sion of chlorids (§ : 51). The tory and the probable origin 
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tice the relat Li] tes to t muriat vaters. The first 
fact that excites « ttention is tl f tl il absence of sul- 
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classes; as shown the preceding analys ilso in the ob- 
servations of L ind others on t alit iters over a great 
area in Wester 
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izing power of org: iatters, which reduces the sulphates to 
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metallic sulphurets. This reducing action not only decomposes 
the soluble sulphates of soda, lime and magnesia, but also, as 
has been pointed out in § 57, may extend to sulphate of baryta, 
and thus sulphuret or carbonate of baryta be formed. It is the 
action of these soluble baryta salts which constitutes the second 
mode of desulphatizing waters; and this, if we may judge from 
the frequence with which baryta salts occur in the saline waters 
in question, appears to have been the most general process. 

It is a fact worthy of notice that a saline spring at Sabrevois, 
near Lake Champlain, which holds both baryta and strontia in 
solution, is at the same time slightly impregnated with sulphur- 
etted hydrogen. Another saline and sulphurous spring, which 
rises within ten feet of this, contains, however, a portion of sul- 
phates. (Geology of Canada, page 542.) 

§ 62. I am indebted to Prof. Croft of Toronto, for some notes 
of a recent examination by himself of a saline of the first class, 
which contains at the same time a soluble sulphuret. This water, 
from a boring sunk to a depth of several hundred feet through 
the Devonian limestone at Chatham, Canada West, had a spe- 
cific gravity of 1039°3, and yielded for a thousand parts about 
51 of solid matters. It contained large portions of chlorid of 
calcium and magnesium, with very little sulphate, traces of car- 
bonate, and no free carbonic acid. The water, which gave an 
alkaline reaction with turmeric, was greenish in color, very sul- 
phurous to the taste, and yielded a purple color with nitro-prussid 
of sodium, and a black precipitate of sulpburet with a solution 
of sulphate of iron. A current of carbonic acid rendered the 
recent water opalescent, and by exposure to the air it deposited 
sulphur. A quantitative analysis of this water is to be desired. 

8 63. Borates—The reddening of the yellow color of turmeric 
paper in presence of free hydrochloric acid, affords, with cer- 
tain precautions, the ordinary means for detecting small portions 
of boric acid. Most of the waters of the third and fourth 
classes, and some of those of the second, have been tested in 
this way, and have never failed, when reduced to a small vol- 
ume, and acidulated with hydrochloric acid, to give this reac- 
tion; which was, however, most marked with the waters of the 
fourth class. The determination of the amount of boric acid in 
saline waters presents no small difficulty. In the case of the al- 
kaline water of Joly (§ 45, No.8) the following process was, 
however, attempted. The salts left by its evaporation were 
treated with carbonate of ammonia to separate a portion of silica, 
and then with recently precipitated carbonate of silver, by which 
the alkaline chlorids were converted into carbonates. The solu- 
tion now retained in some undetermined form a portion of sil- 
ver, which was separated by fusing the evaporated saline residue 
in a silver crucible. By a second evaporation and fusion there 

Am. Jour. Sor.--Szconp Szrigs, Vou. XL, No. 119.—Seprt., 1865. 
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dertook the new analyses of these waters which in § 47 are 
given side by side with the earlier results. In these recent analy- 
ses, as there remarked, a slight excess of carbonic acid was 
met with. In the interval the springs had undergone a change 
in composition. And while the third one still retained in a 
slight degree its alkaline character, the other two had become 
waters of the second class, holding, instead of carbonate and sul- 
phate of soda, chlorid of magnesium and baryta salts. The 
ainount of carbonic acid had, however, undergone but little 
change; and, as will be seen by comparing the figures below 
with those in the table in § 47, the slight diminution in the first 
and third corresponds very closely with the falling off in the 
amount of solid matters between 1847 and 1865; while, on the 
contrary, the augmentation in the amount of carbonic acid in 
the second is accompanied with a corresponding increase in the 
amount of fixed matters present. 
Carbonic acid in one liter of the Caledonian waters. 
1847. 

Gas spring, - - ‘705 gram, 

Saline spring, - - - ‘648 “* 

Sulphur spring, - - 

While the amounts of fixed matters and of eae Er acid in 

the several waters have undergone but little change, we find, 
however, that there has been a great diminution in the propor- 
tion of carbonated bases. Thus in the Gas spring in 1847 the 
carbonic acid required for the neutral carbonates found in the 
analysis was ‘356, while for the same water in 1865 only ‘278 of 
carbonic acid was required. In the Sulphur spring, in like man- 
ner, the neutral carbonates required ‘449,’ or more than three- 
fourths of the carbonic acid present; while the falling off of the 
amount of carbonates in 1865 is such that only *191 of carbonic 
acid, or just about one-third of the carbonic acid present, is re- 
quired for the neutral carbonate. Nor is this change due en- 
tirely to a less amount of carbonate of soda; the carbonates of 
lime and magnesia in 1847 required ‘246, and in 1865 only *153 
of carbonic acid. The changed conditions which we here meet 
with may be explained by supposing that the carbonated bases 
are due to the mingling in different proportions of neutral car- 
bonate f soda (generated by the reaction indicated in § 18,) 
with an earthy saline water holding a constant amount of free 
carbonic acid; which, in some cases, is more than is required to 
form bicarbonates, but in othe rs, as we have seen above, shows 


‘590 “ 


a deficiency. 

$ 66. If we admit, as I have already assumed, that the waters 
of the second and third classes have been generated by the 
mingling of solutions of carbonate of soda with waters of the 


’ By mistake this is printed 349 in § 48. 
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tincture, which is not changed by the Chambly or the Caledonia 
water. The Saratoga water, after some time, gives a feeble al- 
kaline reaction with dahlia paper; this is more distinctly but 
slowly changed by the Caledonia water, and almost immediately 
turned to green by that of Chambly. ‘his latter water readily 
browns ye sllow turmeric paper, which is scarcely affected by the 
water of Caledonia. 

§ 69. Silica.—The silica which exists in solution in cold saline 
springs is generally very small in amount, as might be expected 
from the insolubility of earthy silicates, which is such that super- 
ficial drainage waters in filtering through the soil lose the silica 
which they hel 1 in solution ($5). We have further shown that, 
as a result of this tendency to the formation of insoluble silicates, 
the silicate of soda liberated in the sediments by the decomposi- 
tion of feldspar, generally appears at the surface as carbonate of 
soda, having been decomposed by earthy carbonates (§ 18). 

In two cases, however, cousiderable quantities of silica are 
found dissolved in natural waters. The first is met with where 
the rapid solvent and decomposing action of heated waters is 
exerted upon alkaliferous siliceous minerals (§ 14), as seen in 
springs like the Geysers. The second case is that of those rivers 
and streams which drain surfaces covered with decaying vegeta- 
tion and decomposing silicates, from both of which they derive 
dissolved silica. Such waters contain but smal] amounts of solid 
matters, but the proportion of silica is relatively considerable, 
amounting, as we have seen in the water of the Ottawa River, 
(which contains in 10,000 parts, 0°6116 of solid matters), to 
0-2060, or thirty-two per cent; while in the St. Lawrence, (which 
contains for the same amount of water, 1°6056,) the silica equals 
‘3700, or twenty-four per cent of the solid ingredients. The 
analysis by H. Deville of the river-waters of France show, in 
like manner, large amounts of silica, which seem to have been 
hitherto overlooked in the analyses of most chemists. (Ann. de 
Chim. et de Phys., [8] xxiii, 32. 

It will be seen by a reference to the tables of analyses given 
in the second part of this paper, that in the waters of the second 
class the amount of silica is equal to from 0°15 to 0°60 parts for 
100.00 solid matter. In the alkaline waters of the third and 
fourth classes its proportion is greater, and up to a certain point 
appears to increase with that of the carbonate of soda. In the 
following table the proportions of carbonate of soda and silica 
for 100°0 parts of solid matters are given for certain springs, 
whose analyses will be found in tables 111 and Iv: 

| | | | | rv. | 
6. 4. 8. 3. | a | 


Carb. » of soda. ‘ 1 2: 9°2 21-0 25°0|30°0 6°7 
Silies 6 16) 15/17 | 29) 32 320] 
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When however these were removed by filtration it was found 
that during the evaporation to dryness a reaction took place by 
which the precipitated silicate of lime was partially decomposed, 
the separated silica being redissolved by the alkaline carbonate. 
In the case of the Chambly water of 1852, which contained in 
1000 parts ‘073 of silica, ‘042 parts still remained in solution in 
the water evaporated to one twentieth ; and in that of the Ottawa 
River when reduced to one fortieth there still remained in solu- 
tion from 10-000 parts of water, ‘075 of silica and ‘028 of lime. 
Similar results were observed with the alkaline saline waters of 
Varennes and Fitzroy, and all of these yielded, by further evap- 
oration, precipitates containing silica and lime, and in one in- 
stance magnesia. 

It is not however from alkaline waters like these, but from 
neutral sea-water that the silicates of magnesia (and of lime), 
which abound in stratified rocks, have been for the most part 
formed. See further on this point, § 41. 

S 71. Organic Matters.—In S 44 we have described some of the 
reactions of the organic matter found in the Chambly water, and 
it is to be remarked that small portions of a similar substance 
were found in all alkaline waters of the third and fourth classes 
and caused them to become brownish when evaporated to a small 
volume. This it has been already suggested may have a super- 
ficial origin, the organic matters carried down by surface waters 
being kept in solution by the alkaline salts; it is not, however, 
impossible that this same menstruum may remove the organic 
matters which abound in the pyroschists and other materials of 
organic origin in the ancient rocks. Thus, for example, the cop- 
rolites of the Lower Silurian limestones contain so much animal 
matters as to evolve an odor like burning horn when exposed to 
heat. (Geology of Canada, 462.) 

The Ottawa water (§ 45) when boiled to one-tenth deposits a 
precipitate in small bright brown iridescent scales. This was 
found to contain silica, carbonate of lime and a small portion of 
an organic substance which was dissolved in a dilute potash ley. 
The brown solution thus obtained was not disturt bed by acetic 
acid and acetate of copper, but by the subsequent addition of car- 
bonate of ammonia yielded a white precipitate. ‘The concentra- 
ted water retained a large proportion of organic matter, and 
when reduced to a small bulk, was dark brown, alkaline to 
turmeric paper, and continued by evaporation to deposit opaque 
films of silicate of lime. The finally dried residue was dark 
brown in color, and carbonized by heat, burning like tinder, and 
diffusing an agreeable odor. The residue of 10-000 parts dried 
at 300° F., weighed 6974, and lost by gentle ignition ‘1635, con- 
sisting partly of organic matter. 


| 
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§ 73. Of the above series the Trenton group includes the Birds- 
eye and Black River limestone, as well as the Trenton limestone 
of the New York geologists, and is non-magnesian, enclosing 
beds of chert, silicitied fossils and petroleum; in all of which 
characters it resembles the Corniferous limestone above. In 
like manner, the Potsdam is represented by the Hudson River 
and Medina formations, while the gypsiferous dolomite of the 
so-called Calciferous sandrock corresponds to the great mass of 
dolomite which constitutes Nos. 10, 11, and 12, and includes the 
gypsum and the salt-bearing strata of the Onondaga formation. 
These repetitions of similar strata, marking successive recurren- 
ces of similar geological and geographical conditions, which form 
great cycles in the history of the continent, have been already 
considered in a paper by me on Bitumens, etc., in this Journal, 
[2], xxxv, 166. 

§$ 74. In the eastern basin, which includes not only south- 
eastern Canada, but the whole of New England, the strata are 
in an altered and crystalline condition, if we except a narrow 
belt along the northwest border of the basin. These unaltered 
strata present a great series of shales, conglomerates, and lime- 
stones, pure and magnesian, succeeded by 2000 feet or more of 
sandstone with shales; the whole forming what the Canadian 
Geological Survey has named the —— group, whose aggre- 
gate thickness in the vicinity of Quebec is about 7000 feet. 
The geological horizon of this group of strata corresponds to that 
of the C hazy, the Calciferous, and perhaps of the Potsdam. It 
was in great part a deep-sea deposit, of which the formations 
just named are but incomplete and littoral representatives. Of 
the waters described in this paper none are from this eastern 
basin, although the unaltered portions of it present several min- 
eral springs, some of which are described in the Geology of 
Canada. Of these the salines of Cacouna, Green Island, Riviére 
Ouelle and Ste. Anne, are bitter waters belonging to ‘the first 
class; while a sulphurous spring at the latter place, and another 
at Quel pec are alkaline waters of the fourth class. 

§ 75. Of the waters of the western basin, which alone are 
noticed in this paper, many have been qualitatively analyzed 
which are not here describe ‘d. Including two from Vermont, 
twenty-one alkaline waters of the third and fourth classes have 
been examined, Of these, as already stated, the waters of Cale- 
donia rise from the Trenton group, and that of Fitzroy from the 
Chazy or Calciferous, while two others at Ste. Martine and Raw- 
don, appear to have their source in the Potsdam. All the other 
waters of these two classes issue from the Hudson-River shales, 
with the exception of those of Varennes and Jacques Cartier, 
which seem to rise from the Utica formation. 

Am. Jour. Sc1.—SEcOND Series, Vou. XL, N9. 119.—Sepr., 1865, 
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Of the waters of the second class, of which about thirty have 
been examined from the tern basin, some five or six issue 
from the shale formations Nos. 5 and 6, but all the others are 
from the underly mestones. ‘The bitter salines of the first 
class flow from the limestones of the Trenton e1 up, with the 
exception of that of Ancaster, which is from a well sunk in the 
Niagara formation, and that of St. Catherines, from a boring 
carried throu; ( dina dow o the Hudson River shales, 
The source Dotl tl Is probably, e t of the other 
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the third class very near together, one of the: lphurous, but 
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all sulphated, and differing in the proportions of carbonate of soda 
present. In 1865, while one of these still retained its character 
of a sulphurous sulphated water of the third class, the others 
were changed to waters of the second class, and held salts of 
baryta in sol lution. These relations which we have already 
pointed out (§ 47) not only show waters holding incompatible 
salts issuing from different strata along the same fissure, but 
mingling in such varying proportions as to produce from time 
to time changes in the constitution of the resulting springs. 

§ 78. The temperature of none of the springs which we have 
here described exceeds 53°, which has been observed for two 
springs at Chambly, about twelve miles from Montreal. Inas- 
much as the mean temperature of this city, as deduced from the 
observations of twenty-seven years, is 44°-67, the Chambly 

waters are to be regarded as slightly thermal. No other springs 
in Canada are known to present so high temperature unless 
possibly the acid waters of the fifth class, for which we have 
pointed out the importance of further observations, (§ 48). The 
St. Léon spring was found to be 46°, and that of Caxton, 49° F. 

§ 79. T he extended series of analyses which we have given in 
the preceding pages presents many points of interest. Nowhere 
else, it is believec 1, has such a complete systematic examination 
of the waters of a region, and of a great geological series been 
made. Additional importance is given to these results by the 
fact that the waters are all derived from Paleozoic strata, and we 
are thus enabled to compare these saline materials of an ancient 
period with those which issue from, and in many cases owe 
their saline impregnation to, strata of comparatively modern 
origin. Comparisons of this kind, such as I have already insti- 
tuted between brines of different geologics il epochs in § 89, pos- 
sess great geological interest. 

It is a consideration not without interest, that the valley of the 
St. Lawrence under different meteorological conditions might 
become a region abounding with saline lakes, affording sea-salt, 
natron and borax, the results of the evaporation of the numerous 
saline and alkaline springs which have just been described. 

§ 80 A few considerations are here suggested by the fact 
already mentioned of the apparent absence “of mineral springs 
from the altered Paleozoic strata of the Quebec group. Meta- 
morphism and disturbance or displacement of strata are general- 
ly concomitants, not, as I conceive, because the process of alter- 
ation is in any way connected with tl 1e disturbance of the rocks, 
but because a great accumulation of " superincumbent strata, a 
necessary pre slimins ary of metamorphism, is the efficient cause of 
the folding of the deeply buried and subsiding rocks, in a way 
which I have already elsewhere pointed out.* The subsequent 


* This Journal, [2] xxxi, 412. 
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compose the chlorid of calcium, giving rise to chlorid of sodium 
on the one hand, and to carbonate of lime on the other. In this 
way we obtain a notion of the processes by which from a primi- 
tive fused mass may be generated the siliceous, calcareous and 
argillaceous rocks which make up the greater part of the earth’s 
crust; and we also understand the source of the salts of the 
ocean.””* 
§ 82. A further development of this view would lead us too 
far for the scope of this paper. It will however be seen that 
the first precipitates from the ocean would contain most of the 
metals, and that in the subsequent re-solution and deposition of 
these precipitates is to be found an explanation of the origin of 
metalliferous deposits, and of their distribution in various for- 
mations; either as integral parts of the strata, or as deposits in 
veins, the former chanvels of mineral springs. In an essay on 
American Geology, published in this Journal in 1861, [2], xxx1, 
405, I have already sketched the outlines of what I conceive to 
be the true theory of metalliferous deposits, a subject to which 
it is proposed soon to return. 
Montreal, July 4, 1865. 


Art. XXI—A new Metenrile from Newton county, Arkansas, 
containing on its surface Carbonate of Lime; by J. LAWRENCE 
Smith, Prof. Chem. Med. Dep. University of Louisville. 


THE first notice of the meteorite of Newton county was made 
in 1860 by Prof. Cox, who was engaged in the geological sur- 
vey of Arkansas. The original has not been obtained; the only 
fragment of it, being in the hands of Judge Green, was given 
to Prof. Cox, who has kindly presented it to me. The weight 
of the fragment is twenty-two and a half ounces, and was evi- 
dently broke *n off from one corner of the mass, as it presents 
three of the original surfaces. 

This meteorite is of the mixed variety, and cannot be classed 
with either the metallic or the stony meteorites; it is one of 
the most interesting that has been discovered in the United 
States, differing from any other yet found in these regions. 

The stony matter is very distinctly crystallized, and some of 
the minerals can be easily detached and examined separately. 
The metallic portion constitutes somewhat over one-half of the 
mass, and owing to the diffusion of the stony matter has a 
coarsely reticulated structure. 

When broken under the hammer, and the iron separated by 


* Canadian Journal, May, 1859, 201, and this Journal, [2] xxv, 102, also Comptes 
Rendus, June 9th, 1862, and Can. Naturalist, vii, 202. 
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improved by the modification lately devised by Prof. Gibbs, of 
dissolving the oxyd of mercury in the cyanid of mercury, (this 
Journal, Jan., 1865); but having every arrangement necessary 
for executing successfully the method by the nitrite of potash, 
I have not yet tried Prof. Gibbs’s modification, but shal] do so 
shortly. 

Chrome Iron.—This is found in small quantity in minute par- 
ticles, some of them showing distinct faces of crystals, but I 
failed to find any complete octahedron; the quantity was too 
small for analysis but was readily recognized by the blowpipe. 

Sulphuret of lron.—This also is discernible only in minute 
quantity, and could not be collected for analysis. I would re- 
mark, with reference to the sulphuret of iron found in meteorites, 
that it cannot be classed with the terrestial magnetic pyrites, 
whose formula is considered Fe,S, having always sfound the sul- 
phur too small for this formula; ‘in which conclusion I believe 
that I am sustained by Rammelsberg and others. My results 
point to the formula FeS, and if the compositions of these two 
kinds of pyrites are correctly made out, then the meteoric va- 
riety has no terrestrial representative. 

Hornblende-—This mineral is easily separated, and is of a 
greenish gray color more or less soiled by iron; with some care 
it can be detached unmixed with other constituents; it hasa very 


distinct cleavage in one direction and an imperfect one in an- 
other; on analy sis it gave, 


Giles, - + «© 52°10 
Alumina, - - - 1°02 
Protoxyd of iron, - - - 16°49 
Protoxyd of manganese, . - 1:25 
Magnesia, - - 29°81 
Alkalies—(potash, soda, lithia), - - 34 
The oxygen relations of the silica and protoxyds furnish the 
formula Rk, 8i,—the formula of hornblende. In structure and 
composition it is not unlike some varieties of anthophyllite. 
Olivine.—This mineral is diffused through the mass. Some of 
the smaller pieces are almost colorless; others again are more or 
less yellow, being stained with oxyd of iron; some of the frag- 
ments are iridescent like varieties of oligoclase, which I at first 
took it to be. Sufficient of it was detached in a pure state for 
analysis, and was found to be composed as follows: 
Silica,- - - - + = 4202 
Alumina, - - - 046 
Protoxyd of iron, 12-08 
Magnesia, - - 47°25 
101°81 
There was a minute quantity of manganese estimated with 
the oxyd of iron and magnesia. ‘I'his analysis overruns the 100. 
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series, the corresponding difference of boiling-point is about 19° 
C.; hence, that the difference between the boiling points of any 
two members of such a series is x .19° for a difference of x C, 
in the elementary formule. In the earlier observations on this 
subject, this relation between the boiling-points and formulz was 
found so nearly constant in the different series examined, that 
any deviations from this apparent general law were referred, not 
unreasonably, to assumed inaccuracies in the determination of 
the boiling-points of the bodies compared. But the more recent 
and extended generalizations of Kopp’® have led him to point 
out several exceptional series, in which the boiling-point differ- 
ence is greater, and er: rs in which it is less, than 19° for an 
elementary difference of C , H,. That there are such exceptional 
series is confirmed in a very decisive manner by my own obser- 
vations, as I shall proceed to show. My determinations make 
the boiling-point differences in some cases so much larger than 
those of other observers as to leave no room for doubt on this 
point; especially if the comparative value of these determina- 
tions be duly estimated with reference to the more reliable 
character to which the preparations are entitled, on account of 
the more efficient means which I have employ ed for separating 
the liquids. Since Kopp first called the attention of chemists to 
this subject, different theories have from time to time been 
advanced by Schréder, Léwig, pian and others, and sup- 
ported by |] aborious research and observation. It will be inter- 
esting to examine some of these theories in the light of the new 
facts which I am about to present. Se hréder, * not satisfied with 
Kopp’s explanation of the discrepancies between the observed 
and theoretical boiling-points, on the ground of errors of deter- 
mination of the former, argues that the influence of C,H, on 
boiling-points is variable in different series according to the 
peculiar nature of the C,H, in each case. He regards organic 
compounds for the most part made up of radicals, which he 
calls “components,” of which he makes seven. Three of these 
are composed of carbon and hydrogen, viz :— 

Formyl = (C,H,)—“ (C,H,)”—which is supposed to raise the 
boiling-point of a substance 52° C. 

Methylen =(C,H,)™—“ (C,H,)™”—which is supposed to raise 
saa boiling- point of a body 21°. 

Elayl=(C, H,)e—‘‘(C, H,)®”—which is supposed to raise the 
boiling- point 17°. Subse quently ( Pogg. Ann., lxiv, 101) the lat- 
ter number was changed by Sobrédes to 16°. 

A fourth component was made up of a double atom of hydro- 
gen, (H,)--“‘(H,)”—which was supposed to lower the boiling- 
2 Annalen der Chemie und Pharmacie, 1855, xcvi, 2. 
* Poggendorff’s Annalen, 1844, Ixii, 184, 337. 
Am. Jour. Sct.—Seconp Serirs, Vou. XL, No. 119.—SeEpt., 1865. 
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point 8°; but this also was afterwards changed to 10° (Pogg. 
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taken at 160°C. Example: cumole (from cuminic acid) has the 
formula C,gH\2; hence it contains C2 less than oil of turpentine; 
therefore 85°°5 must be deducted from 160° (the boiling-point of 
oil of turpentine,) which leaves 124°; but as the cumole con- 
tains 2H, less than oil of turpentine, 15° x 2=80° is to be added 
to the above remainder; thus 124°°5+380°=154°°5, the calcula- 
ted boiling-point of cumole. Gerhardt’s direct determination 
was 153°, which very nearly coincides with his theory. 

It would be foreign from my purpose on the present occasion 
to consider these different hypotheses, or even the empirical law 
of Kopp, beyond their special relation to the boiling-points of 
the hydrecarbons, and such other series, derivatives from the 
hydrocarbons, as have been made the subjects of my own experi- 
ments, Anything more than this would be merely speculative. 
The want of more accurate determinations of boiling-points as 
essential to safe and reliable deductions and generalizations on 
this question, has frequently been observed. The need of this 
will be made strikingly apparent by comparison of my results 
with those of previous observers. Indeed, if my determinations 
may be taken as a criterion,—which, considering the nature of 
the materials operated upon, might not be quite fair,—the inac- 
curacies of the boiling-points which have hitherto been published 
are probably so numerous, and in many cases so considerable, 
as to make it appear almost useless to attempt further generaliza- 
tions upon those unreliable data. It may be hoped, however, 
that the superior means which my process furnishes for separa- 
ting mixtures of liquids, will lead to the accumulation of reliable 
facts of sufficient number and variety for a profitable review of 
this question in its different bearings, which, from its importance, 
it clearly merits. 

The frequent inaccuracy of the determinations of boiling-points, 
upon which Kopp has justly laid so much stress, may, | think, 
be more reasonably attributed, at least in a majority of cases, to 
a want of purity in the substances themselves, rather than to a 
neglect of the precautions and corrections which he recommends 
to be observed in such determinations; although errors as great 
as those mentioned by Kopp* may doubtless occur, and in the 
particular instances which he had in mind may have occurred 
from the cause which he assigned for them. It should be borne 
in mind, however, that these errors, in the case of an impure 
substance, may be compensating errors; or, on the other hand, 
they may go to increase that which would arise from impurity. 

That the conditions under which my results have been ob- 
tained may be clearly understood, and hence the value of these 
results fairly estimated, in comparison with those of others, I 
shall endeavor, as I proceed with these researches, to specify, in 


* “ Bestimmung des Siedepunkts.” Poggendorff’s Annalen, 1847, lxxii, 38. 
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cury, a thermometer is attached, by means of elastic bands, to 
the side of the thermometer in the retort; the bulb being placed, 
during ebullition, midway between the center of the cork and 
the upper extremity of the mercurial column. And, as usual, 
a paper screen, closely fitting the thermometer, is placed across 
at the top of the cork to shield the upper column of mercury 
from the direct influence of the ascending heat. 

I have observed that it often requires considerable time—va- 
riable according to its length and the thickness of the glass spin- 
dle—for that part of the thermometer above the retort to acquire 
the highest temperature which the boiling liquid can communi- 
cate to it. During this time the thermometer evidently is not in 
a fit state for an observation. While this gradual change in the 
condition of the thermometer is taking place, it is desirable, for 
obvious reasons, that no vapors should escape from the retort. 
I therefore proceed as follows. The retort, the neck of which 
has previously been wrapped with a wet cloth, is placed in such 
a position that the neck shall slightly incline towards the body 
of the retort. If necessary, some pieces of ice, which will ad- 
here firmly to the cloth, may be laid along the neck to insure 
complete condensation of the vapors during ebullition. While 
the retort is in this position, ebullition is continued for consider- 
able time, until it ceases to have any effect on the height of the 
mercury in the thermometer. The lamp being now removed for 
the moment, the neck of the retort is turned down, and quickly 
connected with a Liebig condenser. The lamp being now re- 
placed, the distillation is commenced. So soon as the mercury 
in the thermometer shal] have become constant, which will now 
occupy but a few seconds, the temperatures by the retort ther- 
mometer and the side thermometer are carefully noted, and also 
the time at which these observations are niade. During the dis- 
tillation, which is continued nearly to dryness, the readings of , 
the thermometers and of the watch are noted at regular intervals, 
or so often as any appreciable variation of the retort thermometer 
shall have taken place. The average of the several observations, 
or of those corresponding to the longer intervals of time, apply- 
ing the corrections for atmospheric pressure and for the upper 
column of mercury, according to Kopp,” is taken for the true 
boiling-point. I have generally obtained the hydrocarbons so 
pure that the whole quantity operated upon would distil within 
the range of 1° of temperature, and not unfrequently within 0° 5, 
In a few cases, however, when the quantity of material at com- 
mand would not permit of the attainment of so high a degree 
of purity, the distillation would range over two or three degrees ; 
in such cases I have generally taken the average of the temper- 
atures corresponding to the longest interval of time, as probably 


” Poggendorff’s Annalen, 1847, Ixxii, 38. 
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to the custom of taking boiling-points with the bulb in the vapor, 
appear to be even greater than those which Kopp has raised 
against the opposite course of placing the bulb in the liquid, as 
I shall proceed to show. It therefore becomes a matter of some 
importance that the objections to one or the other custom should 
be removed; and I think it will be found easier to overcome the 
objections to placing the bulb in the liquid, as I have done in 
the case of many hydrocarbons, even if coke shall not be found 
equally efficient with most other liquids. 

My experience has shown that, when irregular ebullition is 
effectually prevented, the temperature of the vapor from a boil- 
ing liquid 1s more liable to lead to an erroneous determination 
of the boiling-point, than the temperature of the liquid itself. 
The reasons for this are, first, that the vapor is liable to become 
superheated by the hot air from the flame coming in contact 
with the sides of the retort above the surface of the liquid; 
second, that, with the bulb in the vapor, the thermometer is 
more liable to sudden depressiou from currents of coo] air pass 
ing over the retort. Ifthe bulb be in the vapor, the occurrence 
of either of these disturbing influences would then affect the 
principal mass of the mercury in the thermometer; while, on 
the contrary, if the bulb were in the liquid, only the small quan- 
tity of mercury in the stem of the thermometer would be sub- 
jected to these influences; the liquid then serving as a regulator, 
and reducing the error from these sources to a minimum. Fluce- 
tuations from currents of cold air are comparatively slight, and 
more easily prevented than those from overheating the vapor. 
The latter is the more likely to occur the lower the boiling-point 
of the liquid, or when the quantity of liquid in the retort is 
small. I have, however, observed from this cause an elevation 
of 3°—4° in distilling a body boiling as high as 98° C., without an 
unnecessarily large flame. But the liquid in this instance was 
pretty low in the retort. 

In the case of liquids boiling below the common temperature, 
it seems indispensable that the bulb of the thermometer should 
be placed in the liquid. As evidence of this I will here state 
the results of observations made while occupied in fractioning 
some exceedingly volatile products from American petroleum. 


Experiment 1.—The liquid operated upon boiled at so low a 
temperature that the distillation was effected by the heat of the 
surrounding atmosphere. The distillation was conducted ina 
flask, and the bulb of the themometer placed in the vapor. The 
flask was attached to my condensing apparatus, including the 
“refrigerator, B, fig. 2.”"* The temperature of the condensing- 

2 See Memoir “On Process of Fractional Condensation,’ Memoirs of the Amerie 
can Academy, 1864, and this Journal, last vol., p. 327. 
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Temperature of the water-bath, 20° 

10 minutes later. 4. “ boiling liquid, 12° 
“vapor, - 19° 

( Temperature of the water-bath, 23° 

20 minutes later. 5. < “ — boiling liquid, - 15° 
“ “vapor, - - - 19° 


Experiment 8.—The subject of this experiment was a liquid 
which I had separated from the most volatile product of the re- 
distillation, on a manufacturing scale, of the crude benzole ob- 
tained in the distillation of coal-tar. The apparatus employed 
was essentially the same as that used in Experiment 1, with the 
addition of the extra thermometers, as in Experiment 2. The 
condensing-worm in the “ elevated bath,” and that in the ‘cold 
bath,” and also the “ first receiver,” were all cooled in pounded 
ice. The condenser in the “ refrigerator,” and also the “second 
receiver,” were both cooled in a mixture of ice and salt. The 
retort, which stood in a small copper bath containing pounded 
ice, was charged with about 250 c¢. ¢, of the — which had 
been previously cooled in a mixture of ice and salt. Tempera- 
ture of the laboratory, 16° C. Observations during the distilla- 
tion :— 

empers rature of the retort-bath, 
“ boiling liquid, 
vapor, - 
45 minutes later.” boiling li iquid, 


vapor, - 


Tem perature of the retort-bath, 


Te emperature of the retort-bath, 
boiling liquid, 
vapor, 


15 minutes later. 


80 minutes later. 


boiling liquid, 


f Temperature of the retort-bath, 
| “ vapor, - 


( Temperature of the retort-bath, 
30 minutes later. 5. - “ boiling liquid, 
( vapor, - 


The ap ro inconsistency that the temperature of the boiling 
liquid should be above that of the heating medium,—viz: an ice- 
bath—which continued during the first forty-five minutes of the 

experiment, is to be explained by the fact that there was a long 
column of mercury, above the surface of the liquid, which was 
subjected to the heating i influence of the vapor. I would further 
ne that the gradual elevation of the boiling-point, as indica- 

'’ From this point the temperature of the retort-bath was gradually raised by 
means of a small gas-flame. 

Am. Jour. Sct.—Srconp Vou. XL, No, 119.—Sepr., 1865. 
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Average increment of boiling-point for the addition of C,H,=29°°9. 
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Average increment of boiling-point for the addition of C,H,=20°°6. 


this is considered in connection with the fact, so far as my experience goes, that the 
quantities of material in one series are generally about equal to those in the other. 

That no erroneous conception may be formed as to the degree of purity of the 
substances treated of in this and the following tables, from a mere inspection of 
the ranges of temperature here given; and in order that the almost absolute con- 
stancy of the bviling-pvints, in most cases, may not be overlooked, I would refer to 
the preceding memoir for further details concerning the boiling-points of such of these 
bodies as are therein treated of. For example, it will be found under the head of 
“Determination of boiling-point” of benzole, that in the distillation it required 50 
minutes for the temperature to rise 0° 2; while in one of the following tables it will 
be seen that the range of temperature within which the benzole distilled to dryness 
was found to be 0°°8. Likewise, by reference to the “ Determination of boiling- 
point ” of toluole it will be observed that it was found to boil absolutely constant 
48 minutes; while the range of temperature given in the table referred to is 0°°7. 
In such cases as these, the slight rise of temperature which takes place just before 
going to dryness, is doubtless tu be attributed to superheating of the vapor, in con- 
sequence of there being so small a quantity of liquid in the retort. Similar in- 
stances of absolute constancy of boiling-point to those just cited, might be given 
from among the products in either series from petroleum and Albert coal; which 
the ranges uf temperature given in these tables do not indicate. 

‘© Tam somewhat in doubt whether the bodies composing this series and the 
second series from Albert coil have the formula CnHn+o as here represented, 
there being some indication that they contain less of hydrogen. For the purpose 
for which they are now presented, it is immaterial which formula is employed, as 
the common elementary difference and the boiling-puint differences would remain 
the same; the solution of this question is therefore deferred for a subsequent 
memoir. 
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indeed, leaving out of the calculation the third series from petro- 
leum (having the general formula C, H,),—which must remain 
anomalous,—and also the products from oil of cumin, the aver- 
age of all the other boiling-point differences is 29°'75. The few 
individual variations from the number 80°, rarely exceeding a 
single degree, may reasonably be attributed to errors of the 
thermometer (especially in case of temperatures above 100°), 
or in some instances to a want of purity of one of the compared 
substances; which latter cause I doubt not is the case with the 
body from petroleum boiling at 87°, as upon this body I had 
bestowed less labor in fractioning than upon most of the others, 
on account of the extreme volatility and consequent loss of the 
substance, by which the quantity had become so much reduced 
that I could ill afford further loss. In the case, also, of cymole 
from oil of cumin, and cumole from cuminic acid, in which the 
boiling-point difference varies only 1°°5 from the common differ- 
ence of 30°, the want of perfect agreement may be fairly ac- 
counted for by the fact that the quantity of cumole at command 
was too small to admit of continuing the process of fractioning 
far enough to obtain perfect constancy of boiling-point. In con- 
sequence, also, of the quantity being so small, the determination 
of the boiling-point of cumole is less reliable, as this had to be 
conducted in a test-tube: It came into full ebullition at 148° 4, 
the temperature rising gradually to 151°°6 (observed tempera- 
tures), at which latter temperature it had distilled nearly to dry- 
ness. The distillation occupied thirteen minutes in passing over 
the range of three degrees. The average of the extremes, with 
the usual corrections for pressure, &c., was taken for the boiling- 
point. Abel,” who probably operated on a larger quantity, 
found the boiling-point of cumole to be 148°. It does not ap- 
pear that he applied the corrections for pressure and the upper 
column of mercury. I do not doubt that the true boiling-point 
of this body will be found to be 150°, which would establish the 
difference of 30° between it and cymole. 

I would here remark that this difference of 30° for the addi- 
tion of C,H, was first observed while engaged in fractioning 
Pennsylvania petroleum, and the oil from Albert coal,—substan- 
ces the most difficult to separate, on account of the presence in 
each of two parallel series of constituents, whose boiling-points 
lie so near together. 

As no one had preceded me in the investigation of these sub- 
stances, my mind was as far as possible unbiased as to the boil- 
ing-points of the constituents of these mixtures. I was, however, 
aware of the beautiful relation between elementary constitution 
and boiling-point which Kopp had discovered, and familiar with 
the fact that the more recent investigations had shown the boil- 


** Annalen der Chemie und Pharmacie, 1847, lxiii, 308. 
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As there shown, the boiling-point difference in the benzole series 
is also 80°, and the number of its members is reduced to four, 
in place of five, as alleged by Church. 

This difference of 30°, thus shown to be so common with the 
hydrocarbons, is so much larger than the difference of 19° which 
Kopp had found so frequent in other classes of substances, that 
the discrepancy cannot be regarded otherwise than as conclusive 
evidence, if such were wanting, that all liquid bodies do not obey 
the same law in this regard, but that there are unquestignably 
those series in which the boiling-point difference for the element- 
ary difference of C,H, may be greater than 19°, of which Kopp 
has already furnished some examples. 

That the difference may also be less than 19° in some series 
receives confirmation from the facts presented in the following 
tables. 


6. Of the Nitro-compounds derived from the Hydrocarbons of the 
Benzole Series. 


Name of substance. Formula Boiling-point Elementary Difference of 
difference. boiling-point. 


oH, 


Nitro-benzole, 


Nitro-xylole, 
| Nitro-isocumole, 'C,,H, ,! 


Nitro-toluole, 

( 

( 


7. Of the Alkaloids derived from the Hydrocarbons of the Benzole 
Se r 


Elementary Difference of 


Name of substance. | Formula. | Boiling-pvint . 
difference. boiling-point. 


| Aniline, N | 184°6) C.H 

loluidine, ] 201°74 a2 
| Xylidine, N 216+)* C,H, 

Iso-cumidine, N | C, 

In regard to the results presented in the last two tables, it 
may be remarked, first, that of the difference shown in the table 
of nitro-compounds, viz: an average of 13°°6, the discrepancy 
between this and the number 19°, being 5°°6, is so large as to 
leave no room for reasonable doubt that this is one of those ex- 
ceptional series in which the boiling-point difference is less than 
19° for the elementary difference of C,H,. As this series does 
not appear to have been examined by Kopp, I have taken care 
to make as accurate a determination of the difference as circum- 
stances would allow. The boiling-points were corrected as usual 
for pressure and the upper mercurial column. The boiling- 


* Not corrected. 
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Art. ; by James LEwIs. 


In the present condition of meteorological science, there is a 
growing demand for facilities of observation that invites the aid 
of mechanical appliances which have for their purpose to make 
automatic records of phenomena practically free from sensible 
errors. ‘T'he remarks about to be made are suggested by exper- 
iments and calculations that have been made preliminary to the 
construction of a compensated, self-registering barometer. The 
form of instrument to which they relate is an improvement upon 
the apparatus called the “ Syphon Barometer.” In the course 
of the experiments referred to, a syphon of steel was made, the 
dimensions of which are approximately as follows, viz: vacuum 
5 inches; diameter=0°41 inch. Section of 
tube connecting the vacuum chamber with the base of the sy- 
phon—length=28°75 inches; diameter=0°3 inch. A capillary 
passage through the base connects these parts with the short arm 
of the syphon. Before filling the tube with mereury, a piston 
with a porous packing was introduced into the detached and in- 
verted long arm of the syphon, the open end of the tube being 
embraced by a suitable funnel to prevent loss of mercury. 
Mercury was then filtered into the tube, above the packing of 
the piston, until the whole tube was filled, the funnel around its 
open end embracing an excess. The piston was then made to 
wipe the walls of the vacuum chamber, and was afterward with- 
drawn from the tube by a pumping process—wiping and pump- 
ing successive portions of the tube repeatedly, the mercury fil- 
tering through the porous packing of the piston into a vacuum. 
Tests for vacuum expanded any remaining bubbles of air, and 
the pumping process again repeated reduced the tube and its 
contained mercury to a condition indicative of a perfect vacuum 
which has maintained its integrity through a period of over six 
months under ngpioer sige ee well calculated to test it. The pro- 
cess of boiling, usually deeme ed essential, was omitted. The 
operations of this eyp yhon indicate that the diameters of the short 
arm and vacuum chambers ar nearly irge enough to remedy 
the resistance of capilarity at ar lhesion to the free movement of 
the mercury. The syphon is supported by an adjusting screw 
beneath its base. In the short arm of the syphon, and in con- 
tact with its contained mercury, is an iron float, the diameter of 
which where it touches the mercury, is about 0°25 inch. The 
contact is perfected by amalgamation. ‘The float is suspended 
by a slender thread of untwisted silk, which passes around a 
wheel 3 inch in diameter, the axis of which is about 0°02 inch 
in diameter, and rests on four friction wheels. One end of the 
axis of the wheel carries an index which points to divisions on 
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The question of compensation will now be examined, requir- 
ing only the comprehension and aid of the artisan that it may be 
wrought into a practical solution, at once available for the pur- 
poses of the meteorologist. 

Proceeding upon the assumption that the maximum elevation 
of the mercury in tbe barometer is below the limit of 32 inches, 
let there be supposed a syphon of iron or steel free from flaws, 
the long arm of which has an elevation of 32 inches, the short 
arm an elevation of 6 or more inches, their diameters being any 
convenient unit and equal.’ The communication between the 
two arms of the syphon may be a small orifice (say 0°03 inch in 
diameter) through the base, large enous gh to permit f ree passage 
for the mercury, and small enough to admit of handling the 
syphon in the necessary manipulations of erection without en- 
dangering loss of its contents by a sudden movement. The con- 
tents of the passage through the base may be disregarded in the 
calculations on which the compensation depends. Now, regard 
the long arm and the passage through the base of the syphon as 
having been filled with mercury at the temperature of 32° F. 

The elements which enter into the compensation of the syphon 
require to be considered, viz: a unit of volume of mercury at 
32° F., becomes at 212°, 1:018018 (Guyot’s Tables)=A; a linear 
unit of iron at 82°, becomes at 212°, 1:0012584363 (Hassler) =B. 

The theoretical elevation of a barometrical column of 32 
inches by a change of temperature from 32° to 212° F., will be 
82 A. The excess over its former elevation may be expressed 
by the terms 82 (A—1). In the syphon, the iron tube expands 
by the rate B in each of its three cubic dimensions, two of 
which (involved in the square of the diameter) tend to diminish 
the elevation of the mercury by enlarging its sectional area, so 
A 
“B?? 
referring to a tube closed at its base and open at top; the excess 
over its original elevation may be expressed by the terms 


that the elevation of the column might be expressed by 32 


~1). This last expression is less than the unit of excess 


of elevation due to temperature =32(A—1) which it is neces- 
sary should be attained in the long arm of the syphon, to estab- 
lish compensation, (presuming that it is attainable as a theoretical 
consideration). The decimal proportion of the actual excess of 
elevation of the mercury in the tubes to the required excess of 


elevation may be obtained from the expressi 


1 The minimum diameter should nat be less than half an inch; the maximum di- 
ameter, on the other hand, need not exceed ope inch. A compromise between cost 
and efficiency may suggest something between these extremes, 
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of its difference from the first of these two stated diameters, to 
their own difference. The length of the cone by this process is 
4:035700 inches, a very small fraction too short (when the cury- 
ature is considered) for perfect compensation; but the resulting 
errors are inappreciable. 

In the proposed compensated syphon, the interior capacity and 
mercurial contents are intended to be the same as if the tube 
were of uniform diameter. The object sought is to secure in the 
long arm of the syphon the theoretically required elevation due 
to temperature, so that no errors of te mperature will be differ- 
entiated betvveen the two arms of the syphon. The conical 
chamber will accomplish this object by imparting the required 

elevation at the expense of diameter. But this modification of 

the up * rend of the long arm changes its relation to the pre- 
viously cylindrical short arm of the syphon, and requires that 
the «bg arm should be an inverted fac simile of the conical 
chamber, so that under the influence of barometrical changes, a 
given portion of the column of mercury transferred from the 
contents of one arm to the contents of the other shall not un- 
dergo any change of vertical dimensions. In effect, the full 
cubic contents of the conical vacuum chamber will occupy the 
same conical space (at the temperature 32°) at all elevations of 
the barometrical column, the vacancy in the vacuum chamber 
being equalled by the space occupied by mercury in the short 
arm of the syphon. 

The tendency of the surface of the mercury to assume a 
spherical form with increased elevation may require a trifling 
adjustment. Another adjustment may also be necessary on acer 
count of the tendency of the mercury to seek that position in a 
conical space which least diminishes its sphericity. 

At the temperature 32° F. the lower limit of utility of the 
syphon will be reached with a barometrical pressure of 23-929 
inches, the upper limit being 32 inches. The point at which 
the tube would be self-compensating, if cylindrical, corresponds 
to the pressure 27°483489 inches at 82°. Above that point the 
error has the same sign as in the ordinary barometer; below 
that point the sign of f the error is inverted. 

The point of self: ‘compensation for a cylindrical tube corres- 
ponds to the section of mean diameter, or rather, diameter of 
mean sectional area of the conical ¢ chambers. 

The following table exhibits the temperature errors of a cylin- 


drical syphon of 32 inches range, for 212°, 


23 inches, Error, 0°081 ; 28 inches, Error, 0099 

Mohawk, 
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head, slides into the box, and carries a reflector of silver, also 
movable on its own axis by means of small milled heads; the 
forward edge of the reflector is curved, and it is concave, havin 
a focus of about six inches. By means of the screw, the prs 
edge of this reflector can, when adjusted at an angle near 45°, be 
pushed more or less over the opening at the back of the objec- 
tive. Opposite to the reflector, and attached to one side of the 
box, is a revolving circle of diaphragms, of great use in regulat- 
ing the light, so as to exclude all fog or glare; the apertures 
vary from ths to ;';th of an inch. 

I had supposed that the idea of making the objective its own 
illuminator was original, until very recently, when I found that 
Dr. Riddell had proposed to place Shadbolt’s annular ring behind 
one of the lenses of the objective, and to reflect light, received 
up by the side of the lens, back down’ through it.’ I need not 
say that this method is entirely impracticable; it would require 
a very peculiar mounting of the objective, and also of the ob- 
ject, to allow the rays to pass up into the ring in order to be 
again transmitted down through the objective. Moreover, par- 
allel rays would scarcely answer, as the working distance of the 
objective is not exactly the distance at which it would condense 
parallel rays reflected through it. This, however, might be rem- 
edied. It is hardly desirable to receive the illumination from all 
sides. A unilateral light reveals the structure much more clearly. 
[ attempted, at first, to employ as the reflector, a disc of the thin 
glass, or two or three of them, used as covers of microscopic 
objects. A very good illumination, without sensible interfer- 
ence with definition, when the glasses are clean and well selected, 
may thus be obtained; and the reflection, from the posterior sur- 
face of the objective lens, may be entirely removed by a Nich- 
ol’s prism over the eye-piece; but by an illumination produced 
in this way the field has a peculiar flatness, no shadows are per- 
ceived; there is the same difference that one experiences in view- 
ing the mountains and cavities in the moon when she is in 
quadrature and when she is fully illuminated: Indeed, I have 
found that nothing can compare with the unilateral illumination 
from the silver reflector rightly managed. A fixed reflector 
attached to the objective, has, I believe, been recently proposed 
by one of the New York opticians as an improvement; but it is 
very obvious this is far inferior to the adjustable one, which not 
only answers for different objectives, but, from the very fact of 
being movable, enables the light to be condensed in the most 
perfect manner just where it is wanted, and, with the slightest 
touch, removes all fog and glare. I think it will sufficiently ap- 
pear that the method I have proposed and carried into effect, is 
in reality novel, and no modification of Dr. Riddell’s, as has been 


1 See this Journal, [2], xv, 69. 
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not clearly illuminated, say with } in. objective, a little fingering 
of the reflector, or diaphragm, will suffice to effect this. The 
screw which moves the draw and reflector may now be with- 
drawn, uncovering all but about a quarter or one half of one 
side of the posterior lens of the objective; and, if care has 
been taken to properly adjust the diaphragm and reflector, a 
most brilliantly illuminated field, free from all fog and glare, 
will reveal objects with a beauty and clearness inconceivable by 
those who have never used high powers of the microscope upon 
opaque objects. The most common objects appear with new 
and hitherto unsuspected beauty, brilliant not only with their 
own proper colors, but reflecting iridescent tints from the thin 
membranes. 

The diatoms are especially beautiful, and no one can view, 
without a sense of profound reverence unspeakable emotion, 
the elegant structure of Arachnoidiscus and Heliopelta; of Sur- 
irella or Pinnularia. 

In thus accomplishing the illumination of opaque objects un- 
der the highest powers of the microscope, a powerful aid to in- 
vestigation is furnished, which, I doubt not, will be rightly ap- 
preciate 

An inexperienced microscopist may find some difficulty at 
first, but a few trials will ensure success, and when properly 
used, there is no want of light with the ,',th or ;';th even with 
the B or C eye-piece, 


Art. XXV.—On a new Growing Slide for the Microscope; by 
H. L. Smiru, Kenyon College. 


IN studying the growth and conjugation of the Diatomaces, | 
have felt the want of some means of keeping them alive for a 
long time under ee microscope; and have devised for this pur- 
pose, the slide te be described, which appears fully to meet all 
requisitions; and, as it can be readily made by any tolerably 
expert microscopist, it will, I am certain, be considered a valu- 
able addition to microscopical apparatus. 

The whole slide, as I have constructed it, is a trifle more than 
1th of aninch in thickness. It consists of two rectangular glass 
plates 3X2in., and about ;'; in. thick, separated by thin strips 
of glass of the same thickness, cemented to the interior opposed 
faces, as shown in the figure. 

This closed cell, ultimately destined to be filled with water, is 
not of such thickness as to prevent the use of the achromatic 
condenser, a very important requisite. The glass I use is such 
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Wales and myself, gpente to be more effective than that of a 
double front, as adopted | Ny. Mr. Tolles. The glass in question 
has a mean ape rture of 115° with the direct light back, and of 
120° with the oblique. The definition with the former, upon 
Diatoms and Qonfervee, is truly magnificent; and upon the pre- 
pared Diatoms it is far superior to a fine Smith & os ck ith, not 
only with direct, but with oblique light. With the oblique back 
the definition is equally fine when using direct light, but the ob- 
jective a ¢ now a little under-corrected it is not as pleasant. 
With oblique light, however, especially very oblique light, it is 
amazingly sharp and clear and most beautifully corrected. 
Thus, I have no difficulty in resol ving with it the Hyalodis- 
cus Californicus, of Bailey, or Gri ammatophora subtilissima, of 
Greenport, as well as the delicate Cuban Amphipleura, now well 
known to many American microscopists, through specimens dis- 
tributed by Mr. W. Sullivant and myself, and which I have 
never been able to resolve with any English objective under 
an jth. The working distance of this objective is more than ,';th 
of an inch! 

The resolutions above named were effected by the concave 
mirror of the microscope-stand, and not by any special contriv- 
ances for oblique illumination. It is, however, for their beauti- 
ful performance with direct light, 1 most value Mr. Wales’s ob- 
jectives. I have a ith, which, on Podura, excels anything [ 
have yet seen of f like power in exquisite definition. Both this 
and the ,4,th objective bear the highest eye-pieces without loss 
of definition or want of light. I need hardly say that a ;,th 
which thus defines and resolves objects, considered as fair tests 
for an }th but a year or two ago, is a wonderful specimen of 
optice al skill. 


Art. XXVI.—On the Projection of the Spectra of the Metals; by 
Prof. Jostan P. CooKE, Jr. 


SPECTRUM analysis has become, in all its bearings, a subject 
of so much ag both in chemistry and physics, that a sim- 
ple and efficient method of exhibiting the phenomena to an audi- 
ence is an important need to all teachers of physical science. 
Having tried several plans without obtaining the definiteness 
or brilliancy required, I finally devised the following, which 
has been completely successful. By placing my lantern at the 
distance of from 50 to 60 feet from the curtain, I obtain a spec- 
trum from 20 to 25 feet in length and about 18 ‘inches in breadth, 
with all the brilliancy that can be desired and without any dif. 
fused light, which greatly impairs the beauty and distinctness of 
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rest of the apparatus. I now use, however, a regulator better 
adapted to the purpose, made by J. Duboscq, of Paris. The 
negative pole, which is the lowest, is formed of a small cylinder 
of hard coke, having a small cavity at the top to receive the 
metal. The positive pole is formed of a coke pencil such as is 
used in most electric lamps. The poles are so arranged that the 
can be raised or lowered at will, and the milled heads, which 
regulate the motion, are placed for convenience at the base of 
the instrument. The coke cylinder forming the negative pole is 
fastened to the rim of a circular brass disk, which also supports 
four other similar cylinders. So that, by turning the disk. one 
after the.other may be brought under the positive pole, and dif- 
ferent metals volatilized in the voltaic are without further ad- 
justment. 

The electric regulator is placed within a dark lantern, as 
shown in fig. 1, resting on a movable platform, which can be 
moved backward or forward by the screw B. The lantern is 
made of wood like a square box, see figs. 1, 2 and 8, with 
doors on two opposite sides as large as the box will permit. 
The upper part of each door is made of wood and hung on 
hinges in the usual way; but from this is suspended a thick 
cloth curtain, which, while covering the lower part of the door- 
way, enables the experimenter to adjust the poles without open- 
ing the lantern. The wooden doors, moreover, are glazed with 
very deeply colored glass in double plates of blue over red 
through which the experimenter can see the carbon poles when 
ignited by the galvanic current. 

The electric regulator is placed in the lantern so that the car- 
bon poles shall be directly behind and within half an inch of an 
adjustable slit, which should be about half an inch high and ;yth 
to 1th of an inch wide. This slit forms a part of a brass cap 
which slides on one end of a brass tube, while into the other 
end is screwed a camera tube such as is used by photographers 
for taking portraits. The lenses of the combination which I use 
are three inches in diameter, and the focal length is about 54 
inches. This size cannot be advantageously exceeded, but the 
shorter the focal length of the combination the better. The slit 
is placed at the focus of the combination, and the position of the 
lenses with reference to the slit is adjusted by means of the rack 
and pinion usually attached to camera tubes. The brass tube 
with the slit and lenses just described is fastened to a thin board, 
which slips into a movable wooden frame on the front of the 
lantern, (see fig. 2), a portion of the tube with the slit project- 
ing into the box, as shown in fig. 1. The object of the mov- 
able frame is to adjust rapidly the position of the slit with ref- 
erence to the voltaic arc, so as to keep the slit constantly in 
front of the luminous flame, which, as is well known, shifts its 
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volving table so that the light shall pass through the prism, and 
we have at once the projection of the spectrum in all its beaut 
over 20 feet in length and 18 inches or more in breadth. To 
produce now the spectrum of a metal we first separate the 
poles, and then bring them, by the aid of the screw B, within 
half au inch of the slit. Having now placed a small piece of 
the metal selected for the experiment in the cavity of the coke- 
cylinder, we again bring the poles in contact and slowly sepa- 
rate them as the heat increases, until the light emitted by the 
ignited carbon is wholly intercepted by the edges of the slit and 
the lenses are illuminated only by the ignited vapor between the 
poles. We then have the spectrum of the metal, which con- 
tinues in perfect purity so long as the space between the poles 
remains filled with the metallic vapor. When, however, the 
supply diminishes, either in consequence of the consumption of 
the metal, or on account of the failing strength of the battery, 
the bright bands, which distinguish the elements of the air, will 
appear at the same time with those of the metal. The metals 
which I have found best adapted to these experiments, are cop- 
per, zinc, brass (which gives the bands of copper and zinc to- 
gether), mercury, thalium, sodium, lithium, potassium, cadmi- 
um, antimony, lead, gold and silver; and of these the first seven 
give the most characteristic and brilliant results. I use them all 
in the metallic state with the exception of lithium, which I use 
as carbonate, moistening the salt before placing it on the pole. 
It is important to have a separate coke cylinder for each metal, 
us otherwise, unless the cavity is most carefully cleaned out be- 
tween the experiments—and for this there generally is no time— 
the spectra will be confused by the reappearance of the bands of 
the metals previously used. 

These experiments can be varied by projecting on the screen 
the image of the carbon poles with the stream of glowing vapor 
between them, and thus showing the color of the light before it 
is decomposed ; and for this purpose it is only necessary to direct 
the lenses to the screen, and, having removed the brass cap, 
which carries the slit, to re-adjust the focal distance of the 
lenses. 

The reversal of the sodium band can also be readily shown. 
For this purpose we arrange the apparatus so as to produce a 
continuous spectrum, as first described. We then interpose be- 
tween the poles and the slit the flame of a Bunsen lamp, and in 
this flame we insert a small spoon containing metallic sodium, 
A dark line soon appears crossing the yellow portion of the 
spectrum in the position of the sodium band. It is convenient 
to have a small shelf in the box, to support the lamp, so hung 
on hinges that it will drop out of the way when its support is 
removed. 
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agent to fuse with aluminous minerals, as corundum, em- 
ery, &c. 

"This subject oc.apied my attention to a considerable extent 
when engaged in the preparation of two memoirs on the geology 
and mineralogy of emery presented to the French Academy of 
Science in 1850,‘ as well as in some investigations I am now 
making on the emery from Chester, Mass. In the above re- 
searches I had a large number of corundums and emeries to an- 
alyze. The powdered minerals were fused with the bisulphate of 
potash in the usual way, and I found no difficulty in decompos- 
ing the minerals; but unfortunately during the operation a 
double salt of potash and alumina is formed which is almost in- 
soluble in water, or in the acids; and it is only by a solution of 
potash that it is first decomposed and afterward redissolved. 
There are many disadvantages and delays attendant upon this 
method, which experien ice soon e xhibits—as the constant depo- 
sition of alum if the solution is not kept quite dilute. I therefore 
experimented with the bisulphate of soda, knowing that the 
double salt of «lumina and soda was quite soluble, and my re- 
sults were everything that could be desired; for while the soda 
salt gives a dec yompos sition at least as complete as the potash salt, 
the melted mass is very soluble in water, and in the future ope- 
rations of the analyses there is no embarrassment from a deposit 
of alum. The manner of employing the bisulphate of soda in the 
analysis of emery will be referred to in a future article on the 
emery of Chester, Mass. 

Preparation of the Lisulphate of Soda.—T he ordinary com- 
mercial article is not sufficiently pure for use, and I prepare it 
from pure carbonate of soda or sulphate of soda that has been 
purified by recrystallization. In either instance pure sulphuric 
acid is added in excess to the salt in a large platinum capsule, 
and heated over a flame until the melted mass, when taken up 
on the end of a glass rod, solidifies quite firmly. The mass is 
then allowed to cool; moving it over the sides of the capsule 
will facilitate this operation. When cool it is readily detached 
from the capsule, is then broken up and put into a glass stop- 
pered bottle. So far as my experience has yet gone, in almost 
every instance where we have been in the habit of using bisul- 
phate of potash, the bisulphate of soda can be substituted. 


? See this Journal, vol. x, 1850, and vol. xi, 1851. 
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Table of altitudes (in statute miles) of shooting stars observed at Washington, 
Haverford, &c., on the night of Nov. 13-14th, 1863. 
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If the several ajtitudes in the third column of the table be 
multiplied by the corresponding weighés, and the sum of the pro- 
ducts be divided by the sum of the multipliers, we have the 
mean altitude of the shooting stars at first appearance, that is, 
96°2 miles, or 154‘9 kilometers. In like manner we find for the 
mean altitude at extinction 60°8 miles, or 97°8 kilometers. 
The mean therefore for the middle points is 78°5 miles, or 126-4 
kilometers. The nine special cases give about the same result, 

If the altitudes be taken in seven groups, the several means 
for the middle points will be 81°1, 82:4, 78:4, 74:9, 809, 78-0, 
and 792 miles. These numbers indicate that there is no essen- 
tial difference of altitude for different hours of the night. 
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similar conditions, will absorb twice as much force, and B hav- 
ing a double amount of counteracting force removed, will also 
combine with twice as much force as before, during each suc- 
cessive instant of time, so that B will pass over twice the dis- 
tance that A does in the same time, each having a uniformly 
accelerated motion toward the other. 

We may consider the entire amount of force traversing any 
given line to be infinite, and it follows that the successive ab- 
stractions of definite amounts from it will not appreciably di- 
minish its proportions to finite quantities. Any number of 
atoms, therefore, possessing equal quantities of inertia, placed 
along a given line, and having equal amounts of counteracting 
force removed, will virtually combine with equal amounts of 
force from the same ray in equal times. 

It evidently follows that any two bodies of matter placed at 
a given distance from each other, and acted upon by a given 
number of parallel force rays in the two opposite directions, 
will, during each successive moment, acquire equal amounts of 
force impelling them toward each other, proportional to the 
products of the units of inertia of the two bodies, the square of 
the velocity of each at any given instant being proportional to 
the mass of the other. 

The proportion of the inverse squares of the distances readily 
follows, when we consider the relations of one body to each of 
the several atoms of the other. The rays which act upon the 
body in the direction of the atom, form a pencil centering at 
the atom and the counteracting rays form another equal pencil 
from the same center in the opposite direction. The aggregate 
quantity of power produced by each pencil at different distances 
will be proportional to the area of a figure which the rays pass- 
ing through a given section of the body, cutting its center of 
gravity, will project upon a plane at a fixed distance from the 
atom, and parallel to the given section. This may be seen by 
inspecting the figures, in which A represents the atom, B the 


body, C D the given section of B, and EF the parallel plane, 
ata fixed distance from A. The area of the projected figure 
upon E F will of course be in inverse proportion to the square 
of the distance AB, and since the same proportion holds be- 
tween either body and each several atom of the other, it holds 
good between the two bodies referred to their centers of gravity. 

A growing dislike to the doctrine of inherent attraction, has 
existed since the days of Newton, who shared the feeling as 
may be seen in the following quotation made by Faraday in 
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and result in an augmentation of the centrifugal or expansive 
motions of the atoms, which is communicable from atom to atom 
and convertible into “modes of motion.” The differences in 
the constituent parts of rays of light and heat, developed by 
decomposition, polarization, &c., and due to differences in the 
duration, direction, &c., of the generating vibrations, are thus 
transmitted and re produc d with rigorous integrity, being equal 
in duration, direction and intensity to the generating vibrations, 
and in quantity or aggregate effect, inversely proportional to 
the squares of the distances. 


SCIENTIFIC INTELLIGENCE. 
I. CHEMISTRY AND PHYSICS. 


1. On a new and very powerful thermo-electric battery.—In a commu- 
nication to the Vienna Academy dated the 16th of March of the present 
year, S. Marcus has described a new thermo-electric battery which pos- 
sesses extraordinary interest both in a theoretical and practical point of 
view. The properties of the new battery are as follows: 

(1.) The electro- motive force of one of the new elements is equal to 
|. of that of a Bunsen’s element of zinc and carbon, and its internal re- 
istance is equal to 0-4 of a meter of pore wire. 
(2.) Six wad ‘+h elements are sufficient to d lecompose acidulated water. 
(3.) A battery of 125 elements evolved in one minute 25 cubie centi- 
meters of mixed oxygen and hydrogen, although the decomposition took 
place under disadvantageous circumstances, as the internal resistance of 
the battery was much greater than that of the voltameter in the circuit. 

(4.) A platinum wire of 4 millimeter in thickness introduced into the 
circuit melted. 

(5.) Thirty elements develop in an electro-magnet a lifting power of 
150 pounds, 

(6) The current is generated by warming only one of the contact- 
sides of the elements and cooling the other by means of water of the 
ordinary temperature. 

As positive meta! in these batteries, Marcus employs an alloy of 10 parts 
of copper, 6 of zinc and 6 of nickel. The addition of one part of cobalt 
increases the electro-motive force. For the negative metal he uses an 
alloy of 12 parts of antimony, 5 of zine and 1 of bismuth. The electro- 
motive force of the alloy is increased by repeated fusion. In place of 
these alloys a particular kind of German silver, known as Alpacca, may 
be used with the same negative metal; or, as the positive metal, an alloy 
of 65 parts of copper and 31 of zine, oak as the negative metal, an 
alloy of 12 parts of antimony and 5 parts of zinc. The bars are not 
soldered but screwed together. The mechanical arrangement is such 
that only the positive metal is directly heated, the negative metal being 
warmed by conduction; the former melts at about 1200° C., the latter 
at about 600° C, 

Am. Jour. Sc1.—SEconD Series, VoL. XL, No. 119.—Sepr., 1865. 
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2. On some thermo-electric elements of great electro-motive power.— 
Sreran has examined 4 variety of mineral substances with relation to 
their thermo-electric power at high temperatures. The mineral to be 
examined was placed upon one end of a strip of copper while the end 
of a copper wire rested upon the mineral, the whole being pressed to- 
gether to insure contact. The wire and copper strip were connected with 
a galvanometer of great resistance and the copper strip was then heated 
by a spirit-lamp. In examining the mutual relations of the minerals 
a copper strip was placed between them, wires attached to the free ends 
of the fragments of mineral and the whole pressed together by a wooden 
press. ‘The free end of the copper strip was then heated and the heat 
conducted to the minerals. In the following enumeration of the elements 
employed the positive element is always placed first, and the number 
appended signifies how many of the elements give an electro-motive force 
equal to that of Daniell’s cell. 

) 


) Foliated copper pyrites—copper ; 26. 

2.) Compact ; 

3 Pyrolusite—copper ; 13. 

4.) Compact copper pyrites—foliated copper pyrites ; 14, 
(5.) Copper—crystallized cobalt pyrites; 26. 
(6.) Granular cobalt pyrites—copper; 78. 
(7.) Copper—iron pyrites; 15°7. 

(8.) Compact copper py:ites—iron pyrites ; 
(9.) Foliated copper pyrites— ° 

10.) ( ‘opper—erubescite 

(11.) Fine bleischweif—copper ; 9°8. 

(12.) Coarse “ —copper; 9. 

(13.) Galena in large crystals—copper; 9°8. 

(14.) Bleischweif—erubescite ; 5°5. 


( 
( 
( 
( 


The great influence of structure upon the thermo-electric relations is 
seen in Nos. 1, 2 and 4, and still more in 5 and 6. A mass of cubical 
crystals of galena was at some points negative, at others positive, to 
copper. The element No. 14 has the greatest electro-motive force yet 
observed in thermo-electric series; but the substances employed are all 
bad conductors. The author considers—and we think very justly—the 
above results as of great importance for the physics of the earth, and 
proposes to continue the subject. In a note to Stefan’s paper, Poggen- 
dorff calls attention to an observation of Marbach made in 1857, accord- 
ing to which crystals of iron pyrites (Fe S,) and of cobaltine (CoS,+ 
Co As,) which cannot be distinguished either in crystalline form or in 
composition are divided, so far as their thermo-electric relations are con- 
cerned, into two groups. Calling the two forms of the minerals « and 8, 
Marbach gives the following series, reckoning from negative to positive: 
Tron pyrites a, cobaltine «, bismuth, german silver, platinum, lead, cop- 
per, brass, silver, cadmium, iron, antimony, cobaltine iron pyrites 
Pogg. Ann., exxiv, 632. W. G. 
3. On the wave length of the blue iridium line.—J. Mistuer has deter- 
mined the wave length of the blue line characteristic of the new metal 
indium, and finds as a mean.of two determinations 4—= 0:000455™™,— 
Pogg. Ann., exxiv, 637. W. G. 
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them trimetric and the other triclinic. Orthoclase and albite constitute, 
as he observes, another example. Yet it is one which brings dimorphism 
and Scacchi’s polysymmetry into close relation. Professor Scacchi pre- 
sents a large number of facts illustrating his views, and discusses also 
the origin of the phenomena observed. In his second memoir, Professor 
Scacchi gives an account of some important observations bearing on the 
origin of twin crystals. 

Memoire sur [ Emploi du Microscope polarisant, et sur l'étude des 
propriélés optiques biréfringentes propres a déterminer le systeme cristallin 
dans les Cristaux naturels ou artificiels; par M. Dzs Croizeaux. 60 
pp. 8vo, with two plates. 1864. Paris. (Dunod, éditeur; Quai des Augus- 
tins, 49).—No one has labored more effectually in optical mineralogy than 
Mr. Des Cloizeaux. The science bears evidence throughout of progress 
due to his investigations. For such optical researches a polarizing micro- 
scope is very often essential, owing to the smallness of the crystals, or of 
the aaee nts of crystals, which may require study. In the memoir above 
mentioned Mr. Des Cloizeaux describes the mic roscope which he has found 
most satisfactory for his purposes, and gives the method of using it for 
the various kinds of observations. The author promised in the first vol- 
ume of his mineralogy (published in 1862) that this memoir should ap- 
pear as an Appendix to the second ; but the uncertainty with regard to 
the publication of the latter has led to his issuing it separately. 

7. Zircontum.—Zirconium has been the subject of researches by Mr. 
Troost, which were recently presented to the Academy of Sciences at 
Paris. The re sults go to show that zirconium acts the same part in the 
Carbon series of elements that antimony does in the Nitrogen; and that 
this element constitutes the passage between silicium and aluminium, thus 
sustaining the view of St. Claire Deville who places in a common group, 
carbon, boron, silicium, zirconium and aluminium. Crystals of zirconium 
are monoclinic rhombic prisms of 93°, inclined 103° to the basal plane. 
— Les Mondes, July 20, 


II MINERALOGY AND GEOLOGY. 


1. On the Sand hills of Cape Henry in Virginia; by B. Henry La- 
TROBE, Esq. (Transactions Am. Ph. Society, vol. iv, p. 439, and Bruce’s 
Mineralogical Journal, No. iv, 1814).'—From the falls of the great: riv- 
ers of Virginia over the out-runnings of the granite strata, the general 
level of the land gradually approaches the level of the ocean. At the 
falls it is elevated from 150 to 200 feet above the tide; on the sea-shore 
at Cape Henry, the original coast rises not more than 15 feet above high- 
water mark, 

That the whole of this extensive country, from the falls to the coast, 
is factitious, and of Neptunian origin, appears far from being hypotheti- 
eal; and the fossil teeth and bones, which accompany this memoir, and 
which with many hundred more, were dug out of a well at Richmond 
from the depth of 71 feet, prove that the deposition of the super-strata 


* We reproduce this article, originally published fifty years since, because of its 
interest as affording data for estimating the changes in progress along portions of 
the Atlantic coast. We learu from Mr. J. E. Hilgard, of the Coast Survey, ‘that the posi- 
tion of the lighthouse remains the same as w hen the observations were made.—Eps. 
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they wither slowly, and before they are entirely buried, they die. 
Most of them lose all their branches, and nothing but the trunk remains 
to be covered with sand, but some of the cypress retain life to the last.‘ 

The Desert abounds in deer, bears, racoons, and opossums. Its skirts 
are more thickly peopled than the sterility of the soil would give reason 
to suppose ; but the inexhaustible abundance of fish and oysters in the 
creeks, and the game, render it easy to support a family. 

The lighthouse,’ which was built about sixteen years ago, is an octan- 
gular truncated pyramid of eight sides, rising 90 feet to the light, and 
sunk 18 feet below the basement course. Within a few yards of the 
lighthouse is the keeper’s dwelling, a wooden building of two stories. 
Both are surrounded by a platform of plank; and, without any such de- 
sign in the architect, this platform has preserved both these buildings 
from being buried in the sand. 

When the lighthouse was built, it was placed upon the highest sand 
hill at the Cape. Its distance from the beach may be six or seven hundred 
yards, and the elevation of its base above high water not less than 90 
feet. At that time there was from the foot of the building, the most 
expanded view of the ocean, the Desert, the Chesapeake and its eastern 
shore. At present, a mound of sand surrounds them, which overtops 
the keeper’s dwelling, and has buried bis kitchen to the eaves. The 
platform, which was laid upon the former level of the sand, is an accu- 
rate standard from whence to ascertain its accumulation. The winds, 
meeting in their course the elevated tower of the light, form a perpetual 
whirl around it, which licks up the sand from the smooth surface of the 
timber, and heaps it around in the form of a basin. Where the platform 
ceases, the sand accumulates. The sandy rim, while it protects the 
keeper from the storms, renders his habitation one of the dreariest abodes 
imaginable. This rim is sometimes higher, at others lower, according 
to the direction and strength of the wind. Since the establishment of 
the light, the hills have risen about 20 feet in height (measuring from 
the platform) and have proceeded into the Desert about 350 yards, from 
a spot pointed out to me by the keeper. I stepped the distance as well 
as 1 could, while at every step I sunk up to my ancles into the sand. 
The height of the hill at the swamp, is between 70 and 80 feet perpen- 
dicularly. It is higher nearer the sea, the inner edge being rounded off, 
and | think at its highest point, it cannot be less than 100 feet above high- 
water mark. If the hills advance at an equal ratio for 20 or 30 years 
more, they will swallow up the whole swamp, and render the coast a 
desert indeed, for not a blade of grass finds nutriment upon the sand. 

Should this event take place, and some future philosopher attend the 
digging of a well in the high sandy country, on the coast of Virginia, 
his curiosity would be excited by fossil wood, 100 feet below the surface. 


* That the swamp with its trees extended to the sea coast, perhaps within a cen- 
tury, is very evident from this circumstance: between the summit of the sand hills 
and the sea shore, and more especially on the Chesapeake side, the undecayed, 
though mostly dead bodies of trees still appear in great numbers. Being on the 
windward side of the sand hills, they have not been more than half buried. At the 
lighthouse there are none of the trees, but to the westward and southward are 
many. 

* It is a good solid building of Rappahannoc freestone. 
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the largest pot-hole has, in some places, a coating of carbonate of lime 
one-tenth of an inch thick, Jaid very evenly over the slate, and large 
lumps of limestone of the nature of stalactites have been found in the 
same hole. 

I went over the ground in company with Mr. A. E. Knapp, one of the 
principal owners of the quarry, who furnished most of the measurements 
mentioned above. 

Poultney, Vt, July, 1865. 

4, Observations on the Eocene Lignite Formation of the United 
States; by T. A. Conrap. Older Eocene or London Clay. Lignite 
Epoch—Some years ago I visited a marl deposit near Long Branch, Mon- 
mouth Co., N.J., in which casts of a few shells presented an Eocene char- 
acter. Observing in Vanuxem’s cabinet a specimen of what is now 
known to be Aturia ziczac, I described it in the Journal of the Academy 
of Natural Sciences, vol. i, 2d series, p. 129, and referred the marl, prin- 
cipally on account of the presence of this shell, to the Eocene era. I 
also described an imperfect cast of the same species as Nautilus angus- 
tatus, in Dana’s Report of the Geology of the Exploring Expedition, 
which was found at Astoria in Oregon, in company with many shells 
which I mistook for Miocene forms; but a more extended acquaintance 
with Eocene types shows their older tertiary relations, and their matrix 
to be synchronous with the London Clay, of Sheppey, Highgate and 
Bracklesham. Professor Cook has lately sent me a box of specimens 
of similar age from Shark River, Monmouth Co., New Jersey, collected 
by Dr. Kneiskern. In company with Aturia ziczac, there are imperfect 
specimens of Nautilus Lamarckii Deshayes, another older Eocene form 
of the Paris Basin and of Belgium. Fruits also occur in this bed, refer- 
rible to the genera Nipadites and Mimosites, showing the tropical or 
semitropical climate of the era, and giving evidence of the intimate rela- 
tions of the deposit to the Brandon and Mississippi Lignite strata. In- 
deed it seems clear that this Shark River marl was the bed of the oldest 
Eocene ocean, and that the flora of the Brandon and Southern Tertiary 
epoch flourished at the same time. The local, circumscribed character of 
the Brandon Lignite is attributed by Prof. Lesley, to its having filled a 
deep depression, thus escaping the denuding forces which swept all traces 
of it away over a wide region that it once covered. The locality at Mont 
Alto, near Chambersburg, described by Prof. Lesley, is doubtless a locally 
preserved fragment of a vast formation once deposited over the Appa- 
lachian slope to the very base of the mountain range, and oceupying a 
large space in South Carolina, Georgia, Alabama and Mississippi, and in 
fact, extending to the Pacific as far north as Vancouver’s Island. Dana’s 
map of the Cretaceous epcch gives a general view of the United States at 
this time, supposing what was then ocean had become land and fresh 
water. 

It is probable that the estuary deposits of Upper Missouri are the base 
of the older Eocene, and the fresh-water shells are the earliest tertiary 
types of this continent. The species of Vivipara resemble the Eocene 
forms of the Paris basin. According to Meek and Hayden these beds 
are more than 2000 feet thick. 

Am. Jour. 8c1.—Srconp Suries, Vou. XL, No. 119.—Sepr., 1865. 
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limestone, or Orbitolite limestone, eighty feet; 4. Vicksburg group, with 
a new species of Orbitolite—. supera Conrad. 

This formation appears at Cape Sable, near Annapolis, where, at about 
the water level, “under a stratum of sand, and resting upon an imper- 
meable crust of ferruginous sandstone, lies imbedded in a layer of almost 
pure alumine, a forest of pine trees, thrown down by some ancient con- 
vulsion. The crust which forms the base of this aluminous layer is a 
little below the Jevei of low tides and is of considerable hardness. The 
imbedded pines are converted into lignites more or less impregnated with 
sulphuret of iron. The central parts are generally transformed into pure 
metallic sulphuret, sometimes exhibiting in the hollow parts octahedral 
erystals of a yellowish metallic lustre and great hardness. ‘The more re- 
mote the ligneous layers from the center, the less they are saturated with 
pulphuret of iron. The external rays, as well as the cortical layers, are 
generaily pure lignite, some compact and black, others retaining the 
color and friability of retten wood. In some instances their texture 
seems to have suffered but little alteration: the central system, concen- 
tric rays, the bark and knots being perfectly discernible; even fruits are 
occasionally found in a pretty good state of preservation as to form.” 

The lignite is correctly placed in Morton’s diagram as overlying the sec- 
ondary marls. In Morton’s paper the first published notice of the for- 
mation appeared, drawn up from the notes of Lardner Vanuxem, who 
was familiar with the strata in South Carolina. Deshayes states that he 
has found no species of organic remains common to Cretaceous and 
Eocene strata in Europe or Asia, and I have no doubt that the destruc- 
tion of life was total over the whole surface of the globe at the close of 
the Cretaceous era. Deshayes, indeed, affirms that life has been five 
times destroyed and renewed in the past history of the earth. ‘When we 
find evidence of surprising changes of Jevel in the Eocene period, the lim- 
ited nature of a mixed fauna is remarkable, for we would expect to find 
it much more extensive at the base of the Eocene, The bed of the At- 
lantic along the coast of the United States, from Cape May to the ae 
of Mexico, contains a mixture of recent and Miocene shells, which, 
elevated above the sea level would present a group of shells consisting of 
recent and extinct species, so like in preservation that the fossil could 1 not 
be distinguished from the recent forms, except by one conversant with all 
the Miocene sheils. 

Deshayes affirms of the Maestricht beds, “that there has been an acci- 
dental mixture of Cretaceous and Eocene; a degradation of a stratum of 
fossiliferous marl diluted in the bed of the tertiary sea at the time of the 
first deposit. The bed of the ocean, under our own eyes, shows an acci- 
dental mixture of this nature.” 

The Wilmington rock proves conclusively that this was the case in 
North Carolina. Eocene and Cretaceous fossils are there mingled in a 
breccia. When I first saw this rock in 1832, no fracture or excavation 
revealed its true ry eat, but the external resemblance to the Timber 
Creek limestone of New Jersey, with its corallines, was striking. The 
mixture of Secondary and Tertiary sp xecies in this breccia, shows that a 
disturbance occurred in the bed of the Eocene ocean, which evidently 


Durand, Journ. Philad. College of Pharmacy, v, 12, 1834, 
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the femora, and do not know how far they may be removed from their 
natural connection with the body; and since the tarsi are wanting we 
are unable to tell whether the tibizw are docked, or whether we actually 
view the extremity, although the latter is probably the case. 

The head appears to have an ovoidal outline, and on either side there 
are depressions—that on the left very distinct—which are apparently the 
positions of the elongate prominent eyes; and there are also faint indi- 
cations of antenne taking their rise at the usual point. 

In the Hemeristia, with the exception of a fragment of a femur quite 
like that of Miamia, of which no representation is attempted to be given 
in your cut, we have only a portion of the four wings preserved. That 
we have more than a single wing is evident from the symmetry of the 
two sides of the fragments, and the regular intersection of the nervures 
from either side. In point of fact, we have in this case four completely 
overlapping wings in an attitude of repose, so perfectly transparent, and 
provided with such strong nervures and cross-veins, that those of each 
wing are visible in some portion of the fragment, forming thus a very 
confusing and almost inextricable mass of veins crossing and connected 
with one another in a most perplexing manner; moreover, the principal 
portions of the apex of the wings are broken off, the basal portions un- 
distinguishable, and no portion of any one of the wings present in place 
except a very short piece of the anterior border of one, which fortunately 
is at the most important curve; neither have we, apart from the direction 
and position of the nervures themselves, any means of determining 
whether the upper or under surface of the insect is presented to us, the 
abdomen being absent, or at least invisible. It is nevertheless possible to 
decide that the upper surface of the insect is uppermost; that the right 
anterior wing overlaps the left anterior wing; and to reconstruct the en- 
tire anterior wing with but little doubt attaching to its exact form and 
the direction of the nervures, and to point out the principal and most 
characteristic differences between the neuration of the anterior and pos- 
terior wing. 

The details I have presented in full in a paper read before the Boston 
Society of Natural History which will soon be published in their Memoirs, 

From the facts which I have observed, I am enabled to determine with 
considerable precision the relation of these insects to the Neuroptera. 

In the paper referred to I have discussed this question fully, and I will 
here give but a brief statement of my results. 1 am satisfied that the 
direction, mode of branching, and the amount and position of the space 
occupied by the principal nervures of the wings form most satisfactory 
bases for the distinction of families in this group of Neuroptera, characters 
upon which no systematist appears hitherto to have relied, and to which 
none have invited any attention, except it be Burmeister, whose treat- 
ment of it appears to have been partial, not altogether accurate, and ex- 
hibits a tendency to exaggerate the value of unimportant characters to 
the exclusion of those of more weighty significance. Heer, however, in 
his work on the fossil insects of CEningen &c., has distinguished the Ter- 
mitina by characters of this sort in a proper manner, and it is to be re- 
gretted that he should not have extended his studies to other families, 

From the wing-characteristics we learn that the Miamia and the Hem- 
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rowly near the base, the upper fork again forking in a similar manner, 
and the lower emitting branches from its under side; the sixth is proba- 
bly nearly as in the Paleopterina, though but little remains of it. The 
wings overlap one another very completely, are twice as broad in the 
middle as at the base, strong, the nervures prominent, and connected 
throughout by frequent and strong, generally straight, cross-veins. The 
legs are broad and compre assed. 

The characters here given are sufficient to distinguish these families 
from any others now known among the Neuroptera. 

In concluding I take pleasure in apprising you that in the still older 
forms of insects that have been discovered by Mr. C. F. Hartt in the De- 
vonian strata of New Brunswick are represented other hitherto unknown 
families of Neuroptera, some of which exhibit, in even more striking a 
manner than your specimens, combinations of structure borrowed from 
families of the two great sections, One is a gigantic member of the fam- 
ily Ephemerina; while the most interesting of all is a wing which appears 
to blend the peculiar structure of the stridulating apparatus of the male 
in some Orthoptera, with the general mode of neuration of the wings 
holding in the Neuroptera, carrying the synthesis one step farther back. 

Boston Society of Natural History, Jan. 30, 1865. 

6. Paleontology of the Upper Missouri. A Report upon collections 
made principally by the Expeditions under the command of Lieut. G, K. 
Warren, U. S. Top. Engrs. in 1855 and 1856. Invertebrates, by F. B. 
Meex and F. V. Haypey, M.D.; Part I, 136 pp. 4to, with five plates ; 
1865. (Smithsonian Contributions to Knowledge; accepted for publica- 
tion May, 1864.)—To Messrs. Meek and Hayden we are indebted for a 
lar ge part of all our accurate kn: »wledge of the geology and paleontology 
of the eastern slope of the Rocky Mountains. Both have explored por- 
tions of the region, but Hayden much the most extensively ; while the 
determination of the fossils collected and the working up of thre paleon- 
tology is mainly the labor of Mr. Meek. The volume on the paleontol- 
ogy, just issued under the aus pices of the Smithsonian Institution, takes 
up the fossils of, (1) the Potsdam or Primordial period, (2) the Carbon- 
iferous, (3) the Permian, and (4) the Jurassic. A second part of larger 
size, will contain the Cretaceous fossils, and a third the Tertiary. The 
work is not a mere description of fossils with figures; but besides full de- 
scriptions, it contains a thorough discussion of the zoological characters 
and affinities of the species, their synonymy, and their stratigraphical and 
geographical relations. The synonymy has become greatly confused, 
and particularly so for this western region, through the hasty work of 
explorers; and it is of great importance to the science that the subject 
should have been so thoroughly followed out through all its intricacies. 
The plates are handsomely lithographed from the careful drawings of 
Mr. Meek. The country owes much to the Smithsonian Institution for 
the publication of works illustr: ating American history; and those relating 
to its ancient progress through the geological ages are not the least valu- 
able among them. 

Archeopteryx.—On one of the two slabs from Solenhofen contain- 
ing remains of the Archeepteryx, there is “a crescent shaped protuber- 
ance” which is pronounced by Mr, Evans, in an article in the Natural 
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10. Harthquake in the Mississippi Valley.—On the 17th of last Au- 
gust, at 9 o’clock a. m., an earthquake was felt in the Mississippi valley, at 
Holly Springs, Oxford, and Grenada in Mississippi, Memphis and La- 
grange in Tennessee, St. Louis in Missouri, and Cairo in Illinois. How 
far beyond these limits it extended we have not yet learned. At Mem- 
phis the shock lasted about ten seconds, and was severe enough to 
tumble down chimnies, upset loose articles, and cause the people to run 
out of their houses. It is reported to have been most severe at Holly 
Springs, Mississippi, and Lagrange, Tennessee. 

11. Geological Survey of Nevada.—Mr. R. H. Srrercn, of Virginia 
City, we are informed, has been appointed State Geologist of Nevada, in 
conformity with the provisions of the Act passed last winter by the Leg- 
islature of this new State. 


III. BOTANY AND ZOOLOGY. 


1. The Tennessee Yellow- Wood (Cladrastis lutea).--One of the very 
handsomest of our ornamental trees has this summer flowered finely in 
the south of England, as we learn from the Gardener’s Chronicle,—the 
tree “completely covered with long drooping branches of pure white 
flowers, many of them nearly eighteen inches in length and from ten to 
twelve inches wide at the shoulders. The foliage, being of a lively green, 
contrasted favorably with the pure white blossoms, It is also nicely 
scented.” An unusually warm summer has for once brought this tree 
well into blossom in England. Even here it blossoms copiously only every 
other year; this year it did so to perfection, owing to the heat and dry- 
ness of last season and the very favorable spring of the present year. 
The fine large tree in the Cambridge Botanic Garden was, as it were, 
veiled with white, and many of the graceful pendent clusters were fully 
two feet in length. A. G. 

2. Welwitschia mirabilis, Hoox., fil.—Some account of this very 
strange vegetable, and of the interesting memoir, in the Linnean T'rans- 
actions, in which Dr. Hooker made it known to the botanical world, was 
given in our vol. xxxvi, for Nov. 1863. Through the great kindness of 
Dr. Hooker, the Herbarium of Harvard University has recently received 
a fine old trunk of this tree,—if we may so call a woody plant which, 
though perhaps a century old, is only a foot or two in height, and as 
broad as it is high, and never had any other foliage than the primary 
pair of leaves, the cotyledons,—accompanied by the cones (for it is a sort 
of coniferous tree), both dry and in alcohol. A. G. 

3. On the Movements and Habits of Climbing Plants ; by CHARLES 
Darwiy.—This is a long paper read before the Linnzan Society in Feb- 
ruary last, and published in its Journal, where it fills 120 pages of the 
double number, 33 and 34, issued in June. The investigations which it 
records were made, we believe, during a period when the author’s ordi- 
nary scientific labors were interrupted by illness,—as was no less the case 
with respect to his former papers on Dimorphous and Trimorphous Flow- 
ers and his volume on the Fertilization of Orchids by the aid of Insects. 
Of these works and of the present,—side-issues as they are,—it may 
fairly be said, that they show a genius for biological investigation, and 

Am, Jour. Sc1.—SzconD SErigs, Vou. XL, No, 119.—Sepr., 1865. 
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became upright, and, after moving to the center became motionless. I 
tied a weight to its upper end, so as slightly to bow it, and thus to detect 
any movement ; but there was none. Some time before the Jast revolu- 
tion the lower part of the internode had ceased to move. .... It 
moved during five days; but the more rapid movement after the third 
revolution lasted during three days and twenty hours. The regular rev- 
olutions from the 9th to the 36th inclusive, were performed at the aver- 
age rate of 2h. 31m. The weather was cold, and this affected the tem- 
perature of the room, especially during the night, and consequently 
retarded a little the rate of movement. .... After the seventeenth 
revolution the internode had grown from 17 to 6 inches in length, and 
earried an internode 14 inch long, which was just perceptibly moving; 
and this carried a very minute ultimate internode. After the 21st revo- 
lution the penultimate internode was 24 inches long, and probably re- 
volved in a period of about three hours. At the 27th revolution our 
lower internode was 8%, the penultimate 34, and the ultimate 24 inches 
in length; and the inclination of the whole shoot was such that a circle 
19 inches in diameter was swept by it. When the movement ceased the 
lower internode was 9 and the penultimate 6 inches in length; so that, 
from the 27th to the 37th revolutions inclusive, three internodes were at 
the same time revolving.” —(pp. 3, 4.) 

The shoots of many climbers sweep their circles more rapidly than the 
Hop,—the common Pole Bean (Phaseolus vulgaris) in rather less than 
two hours, Convolvuluses of various species in the same time or rather 
less; while more woody stems naturally move more slowly, some requir- 
ing from 24 to 50 hours for each revolution. But the thickness or tex- 
ture of the shoot does not govern the rate, many slender shoots moving 
slower than some stout ones, and some lignescent quicker than other 
purely herbaceous ones. The movement appears to be accelerated, up to 
a certain point, ly raising the temperature, or rather is retarded by low- 
ering it; but while the conditions are nearly the same, the rate is often 
remarkably uniform. The quickest rate of revolution of a proper stem 
observed by Mr. Darwin was that of a Scyphranthus, in 77 minutes. 
When the light comes from one side, the semicircle towards the light is 
usually described in less time, often in less than half the time, of that 
from the light. The tendency of young stems to turn toward the light is 
here active as usual, but is overcome by a superior force. The end of the 
shoot describes circles or broad ellipses, or else, from insufficient power 
or mechanical disadvantages, narrow ellipses, semicircles, or irregular fig- 
ures. A horizontal shoot of considerable length will thus be found, not 
unfrequently, to sway from side to side in a semicircular course, while 
the extreme internodes are making eomplete revolutions. 

A striking illustration of the amount of space that may be swept over 
is afforded by a case in which Mr. Darwin allowed the top of a Ceropegia 
to grow out almost horizontally to the length.of 31 inches,—three long inter- 
nodes terminated by two short ones. The whole revolved at rates be- 
tween 54 and 62 hours for each revolution, the tip sweeping a circle of 
above five feet in diameter and 16 feet in circumference, travelling there- 
fore at the rate of at least 32 inches per hour. “It was an interesting 
spectacle to watch the long shoot sweeping, night and day, this grand 
circle, in search of some object around which to twine.” 
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ing together make a mutual support, from which, as they lengthen, 
they may reach yet farther. The connection of the revolving with twin- 
ing is obvious, though the latter is not a necessary consequence ; for 
many stems revolve which do not twine, but climb in some other way. 

“ When at last the [rev olving] shoot meets with a support, the motion 
at the poiut of contact is necessarily arrested, but the free projecting” part 
goes on revolving. Almost immediately another and upper point of the 
shoot is brought into contact with the support and is arrested; and 
so onward to the extremity of the shoot; and thus it winds round its 
support. When the shoot follows the sun in its revolving course, it 
winds itself round the support from right to left, the support being sup- 
posed to stand in front of the beholder; when the shoot revolves in an 
opposite direction, the line of winding is reversed. As each internode 
loses from age its power of revolving, it loses its power of spirally twining 
round a support. If a man swings a rope round his head, and the end 
hits a stick, it will coil round the stick according to the direction of the 
swinging rope ; so it is with twining plants, the continued contraction or 
turgescence of the cells along the free part of the shoot replacing the 
momentum of each atom of the free end of the rope. 

* All the authors, except von Mohl, who have discussed the spiral twin- 
ing of plants maintain that such plants have a natural tendency to grow 
spirally. Mohl believes (S. 112) that twining stems have a dull kind of 
irritability, so that they bend toward any object which they touch. 
Even before reading Mohl’s interesting treatise, this view seemed to me so 
probable that I tested it in every way that I could, but always with neg- 
ative results. I rubbed many shoots much harder than is necessary to 
excite movement in any tendril or in any foot-stalk of a leaf-climber, but 
without result. I then tied a very light forked twig to a shoot of a Hop, 
a Ceropegia, Spherostema, and Adhatoda, so that the fork pressed on one 
side alone of the shoot and revolved with it; I purposely selected some 
very slow revolvers, as it seemed most likely that these would profit from 
possessing irritability ; but in no case was any effect produced. More- 
over, when a shoot winds round a support, the movement is always 
slower, as we shall immediately see, than whilst it revolves freely and 
touches nothing. Hence I conclude that twining stems are not irritable ; 
and indeed it is not probable that it should be so, as nature always econ- 
omizes her means, and irritability would be superfluous. Nevertheless I 
do not wish to assert that they are never irritable; for the growing axis 
of the leaf-climbing, but not spirally twining, Lophospermum scandens 
is, as we shall hereafter see, certainly irritab le: but this case gives me 
confidence that ordinary twiners do not possess this quality, for directly 
after putting a stick to the Lophospermum, I saw that it behaved differ- 
ently from any true twiner or any other let af-climber. 

“The belief that twiners have a natural tendency to grow spirally 
probably arose from their assuming this form when wound round a sup- 
port, and from the extremity, even whilst remaining free, sometimes as- 
suming this same form, The free internodes of vigorously growing 
plants, when they cease to revolve, become straight, avd show no ten- 
dency to be spiral ; but when any shoot has nearly ceased to grow, or 
when the plant is unhealthy, the extremity does occasionally become spi- 
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show, that, in the arrested portion of a revolving shoot, the power of 
movement is not immediately lost, and that when temporarily lost it can 
be recovered. When a shoot has remained for a considerable time wound 
round its support, it permanently retains its spiral form even when the 
support is removed. 

“ When a stick was placed so as to arrest the lower and rigid inter- 
nodes of the Ceropegia at the distance at first of 15 and then of 2] 
inches from the center of revolution, the shoot slowly and gradually slid 
up the stick, so as te become more and more highly inclined; and then, 
after an interval sufficient to have allowed of a semirevolution, it sud- 
denly bounded from the stick and fell over to the opposite side, to its 
ordinary slight inclination. It now recommenced revolving in its usual 
course, so that afler a semi-revolution it again came into contact with the 
stick, again slid up it, and again bounded from it. This movement of 
the shoot had a very odd appearance, as if it were disgusted with its 
failure but resolved to try again. We shall, I think, understand this 
movement by considering the former illustration of the sapling, in which 
the contracting surface was supposed to creep from the southern, by the 
eastern, to the northern, and thence back again by the western side to 
the southern face, successively bowing the sapling in all directions. Now 
with the Ceropegia, the stick being placed a very little to the east of due 
south of the plant, the eastern contraction could produce no effect beyond 
pressing the rigid internode against the stick; but as soon as the con- 
traction on the northern face began, it would slowly drag the shoot up 
the stick; and then, as soon as the western contraction had well begun, 
the shoot would be drawn from the stick, and its weight, coinciding with 
the northwestern contraction, would cause it suddenly to “fall to the 
opposite side with its proper slightly inclined positions; and the ordinary 
revolving movement would go on. I have described this case because it 
first made me understand the order in which the contracting or turges- 
cent cells of revolving shoots must act. 

“The view just given further explains, as I believe, a fact observed by 
von Mohl (S. 135), namely, that a revolving shoot, though it will twine 
round an object as thin as a thread, cannot do so round a thick support. 
I placed some long revolving shoots of a Wisteria close to a post 
between 5 and 6 inches in diameter, but they could not, though aided 
by me in many ways, wind round it. This apparently is owing to the 
flexure of the shoot, when winding round an object so gently curved as 
this post, not being sufficient to hold the shoot to its place when the con- 
tracting force creeps round to the opposite surface of the shoot; so that 
it is at each revolution withdrawn from its support.”—(pp. 9-13, passim.) 

The successive shifting of the contracting side of the shoot, which ex- 
plains the revolution or bowing in turn in every direction, no less explains 
the twining round a proper support, leaving however some idiosyncra- 
ses unexplained. Some tendrils and some petioles of leaf-climbing plants 
equally possess this revolving power ; but their usefulness depends mainly 
upon additional and more special endowments,—mainly upon the power 
of directly responding by curvature to the contact, more or less pro- 
longed, of an extraneous body. 
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ence in sensibility, I gently placed loops of string of the same weight 
{in oue instance weighing *82 of a grain) on the several lateral and on 
the terminal sub-petioles; in a few hours the latter were bent, but after 
24 h. no effect was produced on any of the lateral petioles. Again, a 
terminal sub-petiole placed in contact with a thin stick became sensibly 
curved in 45 m., and in 1 h, 10 m. had moved through ninety degrees, 
whereas a lateral petiole did not become sensibly curved until 3 h. 30 m. 
had elapsed. In this latter case, and in all other such cases, if the sticks 
be taken away, the petioles continue to move during many hours after- 
ward; so they do after a slight rubbing; but ultimately, if the flexure 
has not been very great or long-continued, they become, after about a 
day’s interval, straight again.”—(p. 31.) 

In numerous cases, notably in Solanum jasminoides, the petiole wheu 
clasped increases very greatly in thickness and rigidity, undergoing a 
change in its woody structure by which the fibro-vascular bundles, orig- 
inally semilunar in cross-section, develop into a closed ring, like that of 
an exogenous stem. 

Lophospermum scandens of the gardens climbs, like its allies Mau- 
randia and Rhodochiton, by clasping petioles; but in this plant, alone, 
the young internodes are also sensitive to the touch. 

“When a petiole clasps a stick, it draws the base of the internode 
against it; and then the internode itself bends toward the stick, which 
is thus caught between the stem and the petiole as by a pair of pincers. 
The internode straightens itself again, excepting the part in contact with 
the stick. Young internodes alone are sensitive, and these are sensitive 
on all sides along their whole length. I made fifteen trials by lightly 
rubbing two or three times with a thin twig several internodes; and in 
about 2h., but in one case in 3h., all became bent: they became 
straight again in about 4 h., subsequently. An internode, which was 
rubbed as much as six or seven times with a twig, became just percepti- 
bly curved in 1 h. 15 m, and subsequently in 3h. the curvature in- 
creased much; the internode became straight again in the course of the 
night. I rubbed some internodes one day on one side, and the next day 
on the opposite side or at right angles; and the curvature was always to- 
ward the rubbed side.” 

Here, then, is one case in which the sensibility of a stem is manifest, 
and is turned to useful account. The peduncles of the allied Maurandia 
semper florens are also sensitive and flexuous, although Mr. Darwin insists 
that they are useless for climbing. ‘That some stems should be sensitive 
might have been expected; for tendrils of axial nature (e. qr. of Passi- 
flora gracilis) are not less sensitive than those of foliar nature, as of Ze- 
guminose, Cucurbitacee and Cobea. And if twining stems in general 
are not endowed with “a dull kind of irritability,” as Moh! conjectured, 
it may well be because the equally wonderful automatic revolving move- 
ment leaves no need for it. In general, the most striking cases of auto- 
matic movement belong to leaves or their homologues. 

The distinction can be only somewhat arbitrarily drawn between Leaf- 
climbers,—especially those with small or undeveloped leaflets, or where 
the tip of the leaf forms a hook or tendril-like projection,—and Tendril- 
climbers. The tendril, however, whether answering to leaf or stem, is 

Am. Jour. 8c1.—SEconD Series, Vou. XL, No. 119.—S#pr., 1865. 
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6th. Difference of food is accompanied by a marked difference in the 
chemical properties of gall-producing secretions, the external characters 
of the ¢ Q imago remaining identical.—Cynips g. spongifica O. S. and 
C. q. inanis O. S. 

7th. Difference of food is accompanied by a slight, but constant 
change in the coloration of the abdomen of the ¢ Q imago, and by a 
very slight change in the chemical properties of the gall-producing secre- 
tions, the galls of the two insects, though typically somewhat distinct, 
being connected by intermediate grades in the case of the latter—Cyn- 
ips q. punctata Bassett and C. g. Podagre Walsh. 

8th. Difference of food is accompanied by one marked and _ perfectly 
constant colorational difference, and others which are not perfectly con- 
stant, in the larva, but none whatever in the # 9 imago.—Halesidota 
tessellaris Sm. Abb. and H. Antiphola Walsh. 

9th. Difference of food is accompanied by several slight but constant 
structural differences in the g@ imago, but none whatever in the 9 im- 
ago.—Clytus Robinie Forst. and Cl. pictus Drury. 
10th. Difference of food is accompanied by a slight but constant 
structural difference in both and 9 imago.—1l. Tingis Tili@ n. sp. and 
amorphe n.sp. 2. (Doubtful.) Diapheromera femorata Say and 
Velii n. sp. 

11th. (Doubtful.) Difference of food is accompanied by very strong 
structural and colorational differences in the larva and in all probability 
by a constant structural difference of generic value in the Q imago, the 
g imagos being to all external appearances identical, and the two insects 


belonging to different genera.—Sphingicampa distigma § Q Walsh and 
Dryocampa bicolor Harris. 

12th. Difference of food is accompanied by marked and constant dif- 
ferences, either colorational, or structural, or both, in the larva, pupa 
and imago states.—Halesidota tessellaris Sm. Abb. and H. Carye@ Harris, 
and hundreds of species belonging to the same genus and commonly 


considered as distinct species. 

The constitution of the human mind is such, that the same evidence 
carries with it very different degrees of weight, when presented to differ- 
ent intellects. Others will no doubt draw different conclusions from the 
facts catalogued above; but for my own part, as on the most careful con- 
sideration 1 am unable to draw any definite line in the above series, and 
to say with certainty that here end the Varieties and here begin the 
Species, 1 am therefore irresistibly led to believe, that the former gradu- 
ally strengthen and become developed into the latter, and that the dif- 
ference between them is merely one of mode and degree.” 

5. Illustrated Catalogue of the Museum of Comparative Zoology at 
Harvard College. No. 1, Ophiuride and Astrophytide ; by Tueo- 
porE Lyman. 200 pp. large 8vo, with two colored plates. Cambridge, 
1865.—The Museum of Comparative Zoology, under the directorship of 
Professor Agassiz, at Cambridge, has already become a vast collection in 
some departments of zoology, and is on the rapid increase. The idea of 
connecting with a catalogue of the Museum the publication of occasional 
memoirs upon the species here gathered, has for some time been in con- 
templation, and the first number has just been issued with the abovg 
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sky was clear, but the bright moon, then two days past the quarter, very 
greatly interfered with observation. 

The next night was the one on which the greatest display was looked 
for. A numerous party was ready to watch, but could do nothing be- 
cause of the clouds. 

On the night of the 11-12th, during one hour ending about midnight, 
I saw fourteen. Thesky was again clear, but the moon interfered. Not 
more than half radiated from Perseus. But for the light of the moon 
the number visible on this night, as well as on the night of Aug. 9-10th, 
would have been no doubt twice as many, probably three times as many, 
as were actually visible. 

On the night of Aug. 15-16th, C. Tomlinson, M.D., Messrs. A. Van 
Name, J. Avery, G. L. Woodhull, and A. W. Gates, Col. B. 8. Pardee 
and myself, watched from the roof of the New Haven House, during three 
hours, from five minutes past eleven till five minutes past three o'clock, 
All but myself were constantly watching the sky, and saw during the 
first hour 55 meteors, during the second hour 56, and during the third 
hour 61. About half of my time was occupied in keeping the record, 
Of twenty-five seen by me six were not seen by others, so that we saw 
in all 178 meteors, or about one each minute. Besides these, how- 
ever, there were at least seventeen instances in which some one of the 
party thought he saw a shooting star, but was not confident of it. The 
moon rose at 128 40™, and from that time the number seen was appar- 
ently diminished a little by its light. A fog which was rising toward 
the end of the watch also interfered. Shortly after two o’clock the fog 
closed entirely over us. 

The special object of the watch was to determine what proportion of 
the meteors visible at one place would be seen by one observer; in other 
words, by what factor the number seen during any time by one person 
should be multiplied to obtain the whole number visible at the place. 
The conclusion, as derived from this night’s work, is that this factor is at 
least 4°5, and cannot safely be assumed as greater than 5. The details 
of the observations, and the discussion, will be given hereafter. 

During the night there was a slight aurora, and just before the moon 
rose there was a bright auroral cloud, or eompact cluster of short stream- 
ers in the northeast. It was probably illumined by the moon, as sug- 
gested below by Prof. Twining. H. A. N. 

8. Auroral Phenomena of August 3, 1865.—On the night of August 
2d-3d, there was witnessed at New Haven a display of the Aurora Bo- 
realis, of great brilliancy notwithstanding the light of the moon—then 
nearly full. An intelligent witness states that, just before 11 o’clock 
p. M. on the 2d, he saw a nebulous column or streamer of white luminos- 
ity, ascending from far down in the east-of-south high up toward a 
point north of the zenith,—and simultaneously with it a similar column 
in the northwest rising toward the same high altitude. The columns 
were but a degree or two broad, and did not, while this witness saw them, 
unite to form a complete arch. When he ceased looking—at about 
a quarter past 11 o’clock—they were undiminished in extent and bright- 
ness. They were said, by others who witnessed the same, to have faded 
not long after. 
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solitary but distinct cluster of short and yellowish white streamers, in 
about 5° S. of E., and 17° high. This was earnestly attended to, and, 
at 3" 40"—as noticed by feeling the minute hand of the watch—its 
upper part began to be intensified in color with a speedy progress down- 
ward and northward which disclosed an increased extension in those 
directions, and north of the cluster a considerable extent of fainter stream- 
ers. The yellow had now become not merely intensified suddenly in hue 
but changed in quality, or imagined to be so. What I would specially 
notice is that the color of the faint streamers, although new as bright as 
tae aforementioned cluster had been at first, appeared not of the same 
nebulous yellow but glistening in effect, although far less brilliant than the 
cluster had itself become. Soon the latter turned to a clear but dilute 
red, like the same commonly witnessed in auroras, but which appeared 
now, for the first time, in this. This rosy color propagated itself, as the 
glistening yellow had done before, and soon characterized the whole, and 
so continued until the twilight overpowered it. 

The observations of time, altitude and azimuth in this instance are 
not clear enough for exactness, but they give—after allowing for atmos- 
pheric refraction—about fifty miles for the average height of the cluster 
above described. 

This of the 2d-3d inst., was, by reason of its extent, duration and 
completeness, one of the class of grand auroras—although far less bril- 
liant and variegated than several which have been seen at this place since 
1830. In but one instance however—and that one but poorly devel- 
oped—did it embrace any of those fan-like curtains or assemblages of 
streamers which sweep down to a definite altitude, for the time, and 
having a termination so abrupt and so correspondent in all that the sus- 
picion inay be allowed {and the suggestion of it pardoned) that this ab- 
rupt development takes place at the definite upper boundary of the at- 
mosphere proper—at the transition, or rebroussement, which it would 
seem must there exist, from a lower to the secondary atmosphere, or, if 
that supposition is preferred, to the simply ethereal spaces.’ A. C. T. 
New Haven, Conn., August 8th. 


4. Comparative intensity of the light reflected from the Moon and Ve- 
nus; by Mr. Coacornac.—On the 20th of June last, at 3" a.M., the 
Moon and Venus were in conjunction in the latitude of Lyons, France, 
so that both bodies could be seen in the same field of vision, and use was 
made of the opportunity to compare the light received from them. The 
surfaces taken for comparison were those affording rays at the same an- 
gle of incidence; and on the Moon, the region was that lying between 
the craters Rocca and Eirchstadt, over the very brilliant surface which 
lies to the southeast of Grimaldi. It was found that the light from this 
brightest part of the Moon was only a tenth of that reflected by the sur- 
face of Venus.— Comptes Rend., \viii; Les Mondes, July 20. 


V. MISCELLANEOUS SCIENTIFIC INTELLIGENCE. 


1. Magnesium.—Magnesium light contains an extraordinary propor- 
tion of ultra-violet or chemical rays, this part of the spectrum between 
the extreme violet and the extreme red being six times as large as usual, 
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A treatise on the Assaying of Lead, Copper, Silver, Gold and Mer- 
eury from the German of BopremMann and Kert, translated by W. A. 
Gooprgkar, Ph.B, 12 mo, pp. 214, with plates; published for the Ber- 
zelius Trust Association, by John Wiley & Son. New York, 1865.— 
BopEMANN’s Anleitung zur Berg- und Hiitten-ménnischen Probierkunst, 
the 2nd edition edited by Bruno Ker, is well known as a work on 
assaying, which for accuracy of statement and fullness of detail is unsur- 
passed if not unequaled. The present translation of a most important 
part of this book is a very welcome addition to the literature of assay- 
ing in the English language. Assayers, who have heretofore been con- 
fined to the vagaries of Mitchell, as well as of most other English and 
American works on this subject, will take great satisfaction in studying 
the clear exposition of the theory of the processes, and the careful di- 
rections for the practical operations in assaying given in this book. Mr. 
Goudyear has endeavored to adhere strictly to the text in making his 
translation, and we think in some instances he has sacrificed clearness, 
and even accuracy, in too closely holding to the German idiom; but, not- 
withstanding, the translator deserves the thanks of chemists and assayers 
for this contribution to Laboratory literature. The book is published by 
the Berzelius Trust Association, a society of students connected with the 
Sheffield Scientific School of Yale College. G. J. B. 
The Declaration of Students of the Natural and Physical Sciences. 
30 pp., 8vo.—This pamphlet, issued recently in England, contains a 
declaration of regret that science is sometimes misused for throwing 
doubts upon the “truth and authenticity of the Holy Scriptures,” fol- 
lowed by more than seven hundred signatures. Its object is excellent, 
and it is gratifying to find the names of such men as Sir David Brewster, 
Sir John Richardson and J. H. Balfour in the long catalogue. Yet the 
pamphlet is not satisfactory, because we are sure that there are large 
numbers of men of science in Great Britain, equally confident of the 
truth of the Bible, whose names are not included. They have objected 
to giving their names, as English journals have intimated, because there 
was something of reproach implied against others, who, they knew, 
whatever their views respecting the Bible, were bonest searchers for 
truth; and because also, as they thought, this division of men of sci- 
ence into seemingly hostile ranks was calculated to operate against that 
independence in investigation which is essential to real progress in science. 
For ourselves we regard such efforts to sustain the Bible unnecessary. 
They may give courage to some wavering minds. But, on the other 
hand, they exhibit a fear of men which is unbecoming, and which, at 
the same time, is injurious to the cause they would sustain. We would 
rather speed on investigators of nature, in their various lines of research, 
feeling confident that whatever error be now mingled with the truth will 
thereby be the sooner eliminated; and that when thus eliminated, Na- 
ture and the Bible will manifest all the more convincingly their oneness 
of 
Smithsonian Report for 1863.—T his volume contains, in addition 
to the Report on the operations, expenditures and condition of the Smith- 
Am. Jour. Sc1.—Sreconp Series, Vou. XL, No. 119.—Seprt., 1865. 
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useful to all mill men and others concerned in the management of mining 
machinery. Mr. Wheeler is well known in California as a successful mill- 
wright and the inventor of the “ Pan,” or grinder, which bears his name, 
sO generally used in gold and silver reduction works. Mr. Randall has 

modified this invention by moulding its grinding surfaces in the form of 
the tractory conoid. His mathematical discussion of the tractory and 
differently formed grinding surfaces given to plates in pans of various 
names, is original and ingenious. The practical result claimed by the 
author for his own system is expressed in the following recapitulation :— 

Tractory conoidal plates of uniform hardness =1°7778. 

Conical plates of uniform hardness ==1°1042. 

Plain circular plates of uniform hardness —-9877. 

Randall’s patent grinding —1°1752 

5. The Scientific Review and Journal of the Inventor's Institute, 

5, July 1, 1865; 16. pp. sm. fol. Cassell, Pelter & Galpin, Ludgate 
Hill, London. Price 6d, stamped 7d.—A paper devoted mainly to prac- 
tical science, but containing occasional articles on general principles in 
chemistry, physics and art. 

6. Gesner, Coal Oils, (Bailliere, 1865).—This is a new edition of a 
work noticed ina previous number of this Journal, and contains many 
interesting details respecting the remarkable development of the Petro- 
leum industry in the United States. 

7. Tours of a Chess Knight, by S.S. Hatpeman; Philadelphia, E. 
H. Butler & Co., 1864, 16mo., 90 pp., 114 figures; also Bibliography of 
the Chess Knight’s Tour, (same author and publishers), 42 pp.—This little 
book treats of a problem, not so much of Chess as of the Geometry of 
position. The Chess Knight is required, without or with other condi- 


tions, to pass over the sixty-four squares of the chess board in succession. 
Euler thought the problem worthy of ” Academic memoir of 27 quarto 
pages, and De Jeanisch in his Z’raité des Applications de ’ Analyse Math- 
ematique au Jeu des Echecs (2 vols, olen has devoted to it all of the 
second volume and part of the first. The bibliography which forms the 
second part of the present work has over sixty references. 


Essay on the Trees and Shrubs of the Ancients, being the substance of four lec- 
tures delivered before the University of Gxford, intended to be supplementary to 
those on Roman cE ead by C. Dauseny, M.D., F.R.S., Prof. Bot. etc., Oxford. 
London. (J. H. & J. Parker 

The } Past al History of ti e Precious Stones and of the Precious Metals, by C. 
W. Kive, M.A., author of “ Ar itique Gems, ” ete. 1865. London. (Bell & Daldy.) 

Saturn and its System, containing Discussions of the Motions (real and apparent) 
_ telescopic appearance of the planet Saturn, its Satellites and Rings, etc., etc. ; 

y Ricnarp A. Procror, B.A. Illustrated by 14 engravings on steel and copper. 
(Longman’s. ) 

Pre-historic Times, as illustrated by Ancient Remains, and the Manners and Cus- 
toms of Modern Savages: by Jouy Lussoog, F.R.S. London. (Williams & Norgate.) 

Lake-habitations and pre: his storic Remains in the Turbaries and Marl-beds of 
Northern and Central Italy ; by Barrotomeo Gasratpr. Translated from the Italian, 
and edite d by C. H. Chi ambe rs. London. 1865. (Longman & Co.) 

Ice-( — of France and Switzerland, a narrative of Subterranean Exploration ; 
by Rev. G. F. Browne. London. 1865. (Longman & Co.) 

“The secleemaiaaial Treatises of J. F. Blumenbach, with Memoirs of him by 
Marx & Frourens, ard an account of his Anthropological Museum by Prof. K. 
Waayrr; and the Inaugural Dissertation of John Hunter, M.D., on the Varieties of 
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